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ABSTRACT
P h en y to in  sodium  o f te n  shows i r r e g u l a r  r e l e a s e  and a d s o rp tio n  
b e h a v io u r  w hich i s  o f te n  l in k e d  t o  th e  d i s s o lu t i o n  c h a r a c t e r i s t i c s  
o f  t h e  d rug  from  a  dosage form . In  t h i s  s tu d y , th e  i n - v i t r o  r e l e a s e  
o f  t h e  d rug  from  • s in g le  and m u lti-com ponen t c a p su le  fo rm u la tio n s  
has ■ b een  s tu d ie d  in  b o r a te  b u f f e r  pK 9*0 u s in g  th e  U SP-paddle m ethod 
a t  50 rpm. The d i s s o lu t i o n  r a t e s  from  v a r io u s  fo rm u la tio n s  have been  
com pared by  u s in g  e i t h e r  th e  p e rc e n ta g e  d rug  d is s o lv e d  i n  30 m inu tes 
o r  b y  c a l c u la t in g  th e  d i s s o lu t io n  r a t e  c o n s ta n ts  a c c o rd in g  t o  th e  
m ethod o f  K itazaw a a t  a l  (1977)*
The r e le a s e  o f  p a r t i c u l a t e  d rug  a lo n e  was f a s t  and  was g e n e r a l ly  
r e t a r d e d  by  th e  a d d i t io n  o f  b o th  s o lu b le  and in s o lu b le  d i l u e n t s .  These 
d i lu e n t s  r e ta r d e d  d i s s o lu t i o n  r a t e  by  f a c i l i t a t i n g  th e  p r e c i p i t a t i o n  
o f  t h e  f r e e  in s o lu b le  a c id  form  d u rin g  d i s s o lu t i o n .  The amount 
p r e c i p i t a t e d  depended on t h e .  d i lu e n t  c o n c e n tr a t io n  . and s o l u b i l i t y ,  an d  a l s o  th e  
d i f f u s io n  la y e r  pH aro u n d  a  s o lu b le  d ilu e n t*  F o rm u la tio n s  c o n ta in in g  
s o lu b le  d i lu e n ts  w ith  low  d i f f u s io n  la y e r  pH showed s lo w er d i s s o lu t i o n .
A lso , th e  g r e a t e r  th e  e x te n t  o f  p h y s ic a l  s u r fa c e  i n t e r a c t i o n  betw een  d rug  
and d i lu e n t  p a r t i c l e s  th e  g r e a t e r  th e  r e t a r d a t i o n  o b se rv e d . The d i s s o lu t io n  
ra te -  a l s o  depended on th e  d i lu e n t  p a r t i c l e  s i z e ;  th e  e f f e c t  was a t t r i b u t e d  
t o  th e  p ro b a b le  p o re  s iz e  d i s t r i b u t i o n  w ith in  th e  c a p su le  powder b ed .
For th ree -co m p o n en t fo rm u la tio n s  c o n ta in in g  e i t h e r  l a c to s e  o r 
ca lc iu m  s u lp h a te ,  t h e  e f f e c t  o f  b a tc b - to -b a tc h  v a r i a t i o n  in  magnesium 
s t e a r a t e  depended on th e  s p e c i f i c  s u r f a c e  a re a  o f  th e  l u b r i c a n t ;  
fo rm u la tio n s  c o n ta in in g  lu b r i c a n t  o f  h ig h  s p e c i f i c  s u r fa c e  a re a  
showed s lo w er d i s s o lu t i o n  r a t e s .  Drug r e l e a s e  was a l s o  g r e a t ly  m o d if ie d  
by  changes in  th e  s p a t i a l  a rrangem en t o f  p a r t i c l e s  w hich c o u ld  b e  a l t e r e d
by  chang ing  e i t h e r  th e  ch em ica l ty p e  o r  so u rc e  o f  d i l u e n t ,  th e  lu b r i c a n t  
c o n c e n tr a t io n ,  o r  th e  m ix ing  sequence o f  th e  com ponents. Such changes 
in  th e  s p a t i a l  a rran g em en t o f  p a r t i c l e s  w ere i d e n t i f i e d  by  means o f  
s e m i- q u a n t i ta t iv e  a n a ly s i s  o f  o rd e re d  u n i t s  in  powder m ixes u s in g  SEM 
com bined w ith  X -ray  a n a l y s i s .
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(a )  D is s o lu t io n  p r o f i l e  f o r  lOOmg p h e n y to in  
sodium  c o n ta in e d  in  s i z e  2 h a rd  g e l a t i n  
c a p su le s
(b) C o rresp o n d in g  K itazaw a p lo t
The in f lu e n c e  o f  in c re a s e d  p a c k in g  o f  p h e n y to in  
sodium  in t o  c a p su le  s i z e  2 on th e  d i s s o lu t i o n ,  
r a t e  o f  th e  drug
The in f lu e n c e  o f  p a r t i c l e  s i z e  o f  p h e n y to in  
sodium  on th e  d i s s o lu t i o n  r a t e  o f  drug  from  
c a p s u le s  s i z e  2
The in f lu e n c e  o f  d i lu e n t  ty p e  on th e  
d i s s o lu t io n  o f  d rug  from  c a p s u le s  c o n ta in in g  
92mg p h e n y to in  and 120mg d i lu e n t
The in f lu e n c e  o f  d i lu e n t  ty p e  on th e  d i s s o lu t io n  
o f  d rug  from  c a p s u le s  c o n ta in in g  lOOmg p h e n y to in  
sodium  and 130mg d i lu e n t
The in f lu e n c e  o f  d i lu e n t  c o n c e n tr a t io n  on 
p e rc e n ta g e  o f  p h e n y to in  sodium  d is s o lv e d  in  
30 m inu tes
The in f lu e n c e  o f  d i lu e n t  c o n c e n tr a t io n  and 
ty p e  on p e rc e n ta g e  o f  p h e n y to in  p r e c i p i t a t e d  
d u rin g  th e  d i s s o lu t i o n  o f  p h e n y to in  sodium  
c a p su le s
(a )  P ho tom icrog raph  o f  u n d is s o lv e d  c a lc iu m  
s u lp h a te  p a r t i c l e s  a f t e r  30 mins o f  
d i s s o lu t i o n
(b ) P h o tom icrog raph  o f  same s u r f a c e  a t  h ig jher 
magni f i  c a t  i  on
(c )  X -ray  d o t m apping f o r  ca lc iu m  io n
The in f lu e n c e  o f  th e  d i lu e n t  p a r t i c l e  s i z e  
and c o n c e n tr a t io n  on th e  p e rc e n ta g e  o f  
p h en y to in  sodium  d is s o lv e d  in  30 m inu tes
(a )  l a c to s e
(b ) l a c to s e  D2
(c )  c a lc iu m  s u lp h a te  D^
The in f lu e n c e  o f  in c r e a s in g  c o n c e n tra t io n s  
o f  Mg s t e a r a t e  on th e  d i s s o lu t io n  o f  d rug  from  
c a p su le s  c o n ta in in g  lOOmg p h e n y to in  sodium  
and 130mg la c to s e











The in f lu e n c e  o f  in c r e a s in g  c o n c e n tra t io n s  
o f  Mg s t e a r a t e  on th e  d i s s o lu t io n  o f  d rug  from  
c a p su le s  c o n ta in in g  lOOmg P h en y to in  sodium  
and  130mg c a lc iu m  s u lp h a te
The in f lu e n c e  o f  th e  v a r io u s  b a tc h e s  o f  
Mg s t e a r a t e  (5$ w^ )  on th e  d i s s o lu t i o n  
p r o f i l e  o f  c a p su le s  c o n ta in in g  lOOmg 
p h e n y to in  sodium  and  130mg d i lu e n t
C o r r e la t io n  o f  s p e c i f i c  s u r fa c e  a r e a
o f  Mg s t e a r a t e  w ith  d i s s o lu t i o n  r a t e
c o n s ta n t  k .
1
The in f lu e n c e  o f  m ix ing  sequence on th e  
d i s s o lu t i o n  p r o f i l e  o f  c a p su le s  c o n ta in in g  
lOOmg p h e n y to in  sodium  and
(a )  130mg la c to s e  and 5$ Mg s t e a r a t e
(b ) 130  mg ca lc iu m  s u lp h a te  and 5$
Mg s t e a r a t e
The in f lu e n c e  o f  m ix ing  sequence on th e  
d is -s o lu tio n  p r o f i l e  o f  p h e n y to in  sodium  
c a p su le s  c o n ta in in g  l a c to s e  as d i lu e n t  
and  0 .5 $  Mg s t e a r a t e  a s  lu b r i c a n t
The in f lu e n c e  o f  m ix ing  sequence on th e  
d i s s o lu t io n  p r o f i l e  o f  p h e n y to in  sodium  
c a p s u le s  c o n ta in in g  l a c to s e  I>2 as d i l u e n t  
and  0 .5 $  Mg s t e a r a t e  as l u b r i c a n t
The in f lu e n c e  o f  m ix ing  sequence on the. 
d i s s o lu t io n  p r o f i l e  o f  p h e n y to in  sodium  c a p s u le s  
c o n ta in in g  c a lc iu m  s u lp h a te  as d i lu e n t  and 
0 .5 $  Mg s t e a r a t e  as lu b r i c a n t
The in f lu e n c e  o f  d i lu e n t  ty p e  and c o n c e n tra t io n  
on th e  p e rc e n ta g e  o f  p h e n y to in  sodium  d is s o lv e d  
in  30 m inu tes  (W^q ) . L u b ric a n t c o n c e n tr a t io n  
0 .5 $  n ix in g  sequence D-L-P
The in f lu e n c e  o f  d i lu e n t  ty p e  and c o n c e n tr a t io n  
on th e  p e rc e n ta g e  o f  p h e n y to in  sodium  d is s o lv e d  
in  30 m in u tes  (W^q) . L u b r ic a n t c o n c e n tra t io n  
0 .5 $  w4 ;  m ix ing  sequence P-L-D
The in f lu e n c e  o f  d i lu e n t  ty p e  and c o n c e n tra t io n  
on th e  p e rc e n ta g e  o f  p h e n y to in  sodium  d is s o lv e d  
in  30 m in u tes  (W30 ) . L u b ric a n t c o n c e n tra t io n  
0 .5 $  m ix ing  sequence P-D-L
-  x iv  -
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3 .2 8  The in f lu e n c e  o f  p ro lo n g e d  s to r a g e  u n d er 171  
d i f f e r e n t  r e l a t i v e  h u m id it ie s  on
d is s o lu t i o n  from  c a p su le s  c o n ta in in g  
200mg p h e n y to in  sodium
3.29  The in f lu e n c e  o f  p ro lo n g e d  s to ra g e -u n d e r  172
d i f f e r e n t  r e l a t i v e  h u m id it ie s  on
d i s s o lu t i o n  from  c a p s u le s  c o n ta in in g  
5 6 . 5$ d i lu e n t
3 .3 0  I n f r a - r e d  s p e c tra .  ' o f  c a p su le  c o n te n ts  17U
a f t e r  8 weeks o f  s to r a g e
(a )  c a p s u le  c o n ta in in g  o n ly  P h en y to in  
sodium
(h) c a p su le  c o n ta in in g  5 6 . 5$ la c to s e
3 .3 1  The in f lu e n c e  o f  p h e n y to in  sodium  176
c o n c e n tr a t io n  • on p /b  r a t i o  f o r  Na
d e te c te d  on d i lu e n t  s u r f a c e
3 .32  P ho tom icrog raphs o f  177
(a )  B in a ry  m ix o f  5$ P h en y to in  Na and
l a c to s e
(h) B in a ry  mix o f  5$ P h en y to in  Na and Ca 
s u lp h a te
(c )  O rdered  u n i t  o f  P h en y to in  Na -  
l a c to s e
3 .3 3  The in f lu e n c e  o f  Mg s t e a r a t e  c o n c e n tr a t io n  179
on p /b  r a t i o s  o f  Mg+ d e te c te d  on d i lu e n t
s u r fa c e
3 .3 ^  P ho tom icrog raphs show ing b in a ry  m ix o f  1 8 1 .
(a )  1% Mg s t e a r a t e  and l a c to s e
(b ) 1$ Mg s t e a r a t e  and  l a c to s e  a t  
h ig h e r  m a g n if ic a tio n
(c )  5$ Mg s t e a r a t e  and la c to s e
3 .35  P ho tom icrograph  o f  183
(a )  o rd e re d  u n i t  o f  Mg s te a r a te - P h e n y to in  
sodium  in  a  powder mix c o n ta in in g
5% l u b r i c a n t
(b ) X -ray d o t m apping f o r  Mg io n
(c )  X -ray d o t m apping f o r  Na io n
+ 2+3 .3 6  p /b  r a t i o s  o f  Na and  Mg showing th e  185
e f f e c t  o f  ad d in g  in c r e a s in g  c o n c e n tr a t io n s
o f  Mg s t e a r a t e  (Lj_) to  a  b in a ry  mix o f  
d rug  and  d i lu e n t  (1 : 1 9 )
Two p o s s ib le  mechanisms p ro p o sed  to  e x p la in  
th e  in c re a s e d  a d h e s io n  o f  p h e n y to in  sodium  
p re s e n t  on d i lu e n t  I>2 s u r fa c e  when ‘0 .5 % Mg 
s t e a r a t e  i s  added t o  a  b in a r y  mix o f  drug  
and d i lu e n t
The in f lu e n c e  o f  m ix ing  sequence in  a t e r n a r y  
mix on p /b  r a t i o s  o f  Na+ and  Mg^+ d e te c te d  
on d i lu e n t  s u r f a c e
S chem atic  r e p r e s e n ta t io n  o f  th e  e f f e c t  o f  
m ix ing  sequence on th e  s p a t i a l  a rran g em en t 
o f  th e  t h r e e  com ponents in  system s c o n ta in in g  
d ru g , d i lu e n t  and lu b r i c a n t
The in f lu e n c e  o f  d i l u e n t ,  ty p e  and  so u rc e  
on p /b  r a t i o  o f  Na and  M g.ions d e te c te d  
on d i lu e n t  s u r f a c e
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c h a r a c t e r i s t i c s  o f  p h e n y to in  sodium  c a p s u le s  
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1 . INTRODUCTION
1 .1  SOLID ORAL DOSAGE FORMS -  CAPSULES
S o lid  o r a l  dosage form s a r e  m e d ic a tio n  d e l iv e r y  system s 
p re s e n te d  a s  s o l i d  dose u n i t s  r e a d i l y  a d m in is te re d  "by mouth 
(M a rs h a ll ,  1979)- They in c lu d e  t a b l e t s ,  c a p s u le s ,  c a c h e ts ,  p i l l s  
a s  w e l l  as b u lk  o r  u n i t  dose pow ders o r  g r a n u le s .  The most p o p u la r  
form s a r e  t a b l e t s  and  c a p s u le s .  W ith c a p s u le s ,  th e  d rug  i s  e n c lo se d  
e i t h e r  as  powder in  a  h a rd  g e l a t i n  s h e l l  o r as l i q u id s  o r  p a s te s  in  
h a rd  o r  s o f t  g e l a t i n  s h e l l s .  A h a rd  g e l a t i n  s h e l l  c o n s i s t s  o f  two 
p a r t s ,  th e  body and a  cap w hich f i t s  o v e r th e  open end o f  th e  body.
They a r e  a v a i la b l e  in  v a r io u s  s iz e s  to  accommodate v a r io u s  powder 
w e ig h ts .  Powders w hich a re  t o  b e  f i l l e d  i n to  h a rd  g e l a t i n  c a p su le s  
have t o  be m o d if ie d  a n d /o r  fo rm u la te d  in d iv id u a l ly  t o  f u l f i l  th e  
a p p ro p r ia te  s p e c i f i c a t i o n  and  end u se  o f  th e  p ro d u c t.  On th e  one 
hand  th e  powder system  m ust b e  c a p a b le  o f  e a sy  and  p r e c i s e  d iv i s io n  
in t o  e q u a l am ounts f o r  f i l l i n g  in to  c a p s u le s ,  w h ile  on th e  o th e r  hand  
th e  sy stem  m ust d i s i n t e g r a t e  and r e l e a s e  d rug  a s  r e q u i r e d .  To a c h ie v e  
th e s e  p rim a ry  o b je c t iv e s ,  th e  p h y s ico ch e m ic a l c h a r a c t e r i s t i c s  o f  th e  
d rug  m ust f i r s t  b e  w e l l  d e f in e d  in  a  p re fo rm u la tio n  s tu d y . F o rm u la tio n  
s tu d ie s  m ust th e n  be  u n d e rta k e n  t o  i d e n t i f y  th e  p r e f e r r e d  e x c ip ie n t s  
such a s  d i l u e n t s ,  l u b r i c a n t s  and  d i s in t e g r a n t s  which m ust be  m ixed w ith  
th e  d rug  to  o b ta in  th e  f i n a l  d e s i r e d  dosage form .
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1 .2  PHENYTOIN 
1 .2-.1  G enera l
P h en y to in  i s  th e  app ro v ed  name f o r  5 ,5 ” 8 ip k e n y lh y d a n to in  o r  
5 , 5 -d ip h en y 1 - 2 ,b , - im id a z o l id in e d io n e  (C hem ical A b s tr a c t  nam e).
The com pound's s t r u c t u r e  i s  shown in  F ig .  1 .1 a ,  as th e  f r e e  a c id  
and F ig .  1 .1 b ,  as th e  sodium  s a l t .
P h en y to in  i s  th e  h y d a n to in  d e r iv a t iv e  w hich h a s  been  m ost 
w id e ly  u sed  in  m e d ic in e , m a in ly  in  th e  t r e a tm e n t  o f  e p i le p s y .  I t  
i s  m ost u s e f u l  in  th e  t r e a tm e n t  o f  g ran d  mal and  psychom otor 
s e iz u r e s  b u t  o f  l i t t l e  v a lu e  in  p e t i t e  m a l, m yclon ic  s e iz u r e s  and  
a b s e n c e s . The drug  i s  a l s o  u s e f u l  in  th e  t r e a tm e n t  o f  c a rd ia c  
a r ry th m ia s ,m ig ra in e , t r ig e m in a l  n e u r a lg ia  and  c e r t a i n  p sy c h o se s .
S id e  e f f e c t s  o f  p h e n y to in  th e ra p y  sire o f  f a i r l y  f r e q u e n t  o c c u rre n c e  
and in c lu d e  u n p le a s a n t  e f f e c t s  such  a s  n a u s e a , v o m itin g , c o a rs e n in g  
o f  f a c i a l  f e a t u r e s ,  a c n e ,h i r s u t i s m .  O verdosage may le a d  t o  h y p o te n s io n , 
coma and r e s p i r a t o r y  d e p re s s io n .  (M a r tin d a le ,  1982)
The f r e e  a c id  form  i s  u se d  in  aqueous su sp e n s io n s  and  a l s o  
in  fo rm u la tin g  chew able t a b l e t s .  The sodium  s a l t  i s  o f te n  p r e s e n te d  
in  c a p su le s  though  some t a b l e t  fo rm u la tio n s  e x i s t .  Recommended 
doses ran g e  from  50mg t o  200mg (sod ium  s a l t )  th r e e  tim e s  a  day .
1 .2 .2  Problem s o f  b i o a v a i l a b i l i t y
A lthough p h e n y to in  h a s  lo n g  b een  u sed  in  a n t ic o n v u ls a n t  
th e r a p y ,  th e r e  a re  s t i l l  d i f f i c u l t i e s  w ith  i t s  f r e q u e n t  u se  and  many 
p a t i e n t s  a re  n o t c o n s i s t e n t ly  and  a d e q u a te ly  c o n t r o l l e d  (E dw ards,
198U ). The prob lem  o f  p h e n y to in  th e ra p y  i s  l in k e d  t o  a  w ide v a r i e t y  
o f  f a c to r s  w hich a re  i n t e r - r e l a t e d  b u t  th r e e  main re a s o n s  have been  
i d e n t i f i e d .  These a r e : -
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F i g .1 .1  Chem ical s t r u c t u r e  o f  (a )  P h en y to in
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(1 ) N o n - l in e a r  p h a rm a c o k in e tic s
(2 ) Narrow th e r a p e u t i c  ra n g e
(3 ) V a r ia b le  g a s t r o - i n t e s t i n a l  a b s o rp t io n  from  o r a l  dosage  fo rm s .
1 . 2 .2 .1  N o n - lin e a r  p h a rm a c o k in e tic s  ana  narrow  th e r a p e u t i c  ra n g e
P h en y to in  i s  h y d ro x y la te d  t o  5“ (P ”h y d ro x y p h e n y l)-$  p h e n y lh y d a n to in , 
• p-KPPH, ( B u t l e r ,  1957) "by th e  m icrosom al m ixed f u n c t io n  o x id a s e  
enzymes in  th e  l i v e r .
The e l im in a t io n  o f  t h e  d ru g  h as  b een  shown t o  e x h i b i t  non­
l i n e a r  p h a rm a c o k in e tic s  w here th e r e  i s  no s im p le  r e l a t i o n s h i p  be tw een  
dosage and serum  l e v e l s  o f  d ru g . (B ochner et_ a l , 1 972a; G u g le r e t  a l ,
1 9 7 6 ) . Two t h e o r i e s  have b een  p ro p o se d  t o  e x p la in  t h i s ,  b u t  th e  m ost
w id e ly  a c c e p te d  i s  th e  c a p a c i t y - l im i t e d  o r  s a t u r a t i o n  k i n e t i c s  o f
th e  enzyme sy s te m . T h is  th e o ry  e x p la in s  t h a t  a t  v e ry  low  c o n c e n t r a t i o n s ,
th e  enzyme system  is .  d o se -d e p e n d e n t and  drug  e l im in a t io n  fo llo w s
f i r s t  o rd e r  k i n e t i c s  w here th e  e l im in a t io n  r a t e  in c r e a s e s  a s  t h e
dosage i s  in c r e a s e d .  At h ig h e r  d o s e s ,  a  p o in t  i s  r e a c h e d  when th e
enzyme sy stem  becom es s a t u r a t e d .  Drug m e tab o lism  i s  th e n  l i m i t e d
and t h e  d ru g  b e g in s  t o  a cc u m u la te  in  th e  b lo o d . The m e ta b o lism  a t
t h i s  p o in t  becomes z e r o - o r d e r  and  as a  r e s u l t  th e  r e l a t i o n s h i p
b e tw een  dose and b lo o d  serum  l e v e l s  i s  n o n - l i n e a r .
I t  has b een  found  t h a t  f o r  a d e q u a te  c o n t r o l  o f  e p i l e p t i c  
s e iz u r e s  b lo o d  l e v e l s  o f  10-20^ig/m l m ust b e  a c h ie v e d  (L und , 1 9 7 ^ a ) .
H ig h e r b lo o d  l e v e l s  a r e  o f t e n  a s s o c ia t e d .w i t h  t o x i c  s id e  e f f e c t s  such 
a s  so m n o len ce , c o n fu s io n  and  n y s tag m u s. Lower b lo o d  l e v e l s  a r e  o f te n  
s u b - th e r a p e u t ic  th o u g h  some p a t i e n t s  may be  a d e q u a te ly  c o n t r o l l e d  
w ith  serum  l e v e l s  o f  8 o r  9pg/m±.  H owever, th e  s a t u r a t i o n  o f  th e
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enzyme sy stem  can o ccu r even in  t h i s  narrow  th e r a p e u t i c  ran g e  and a  
dosage in c re a s e  from  s a y , 300mg to  UOOmg may ta k e  a  p a t i e n t  from  
s u b - th e r a p e u t ic  to  to x i c  d rug  c o n c e n tr a t io n s  ( s e e  F ig .  1 .2 ) .
The second  e x p la n a t io n ,  p ro p o sed  by  G lasko (1972) t o  e x p la in  
th e  n o n - l in e a r  k i n e t i c s  d is c u s s e d  above , i s  b a se d  on th e  i n h i b i t i o n  
o f  p h e n y to in ’s h y d ro x y la t io n  t o  p-HPPH (B orondy, Chang and  G lask o ,
1 9 7 2 ). He p o s tu la te d  t h a t ,  th e  i n h i b i t i o n  was ca u se d  by  a  fe e d -b a c k  
m echanism  w here acc u m u la tin g  p-HPPH com peted w ith  p h e n y to in  f o r  b in d in g  
s i t e s  on th e  enzyme com plex le a d in g  to  h ig h  d rug  l e v e l s .  He e x p la in e d  
f u r t h e r ,  t h a t  th e  b u i ld - u p  o f  p-HPPH o c c u rre d  b e  cau se  th e  co n ju g a tio n - 
o f  th e  p-HPPH w ith  g lu c u ro n ic  a c id  and i t s  su b se q u en t e l im in a t io n  
was a  r a t e - l i m i t i n g  s t e p .  Levy and A sh ley  (1973) a l s o  came up w ith  
a  s im i la r  h y p o th e s is  o f  p ro d u c t i n h i b i t i o n  o f  th e  m e tab o lism  o f  
p h e n y to in  by  acc u m u la tin g  m e ta b o l i te  p-HPPH, when an i n h i b i t o r  o f  
g lu c o ro n id e  fo rm a tio n  was g iv e n  t o  r a t s .  P e ru c a  and  co -w o rk ers  (1978) 
t e s t e d  t h i s  th e o ry  b u t  found  no e v id en ce  to  s u g g e s t a fe e d -b a c k  
m echanism . C le a r ly  more work i s  needed  in  t h i s  a r e a  t o  p rove  o r  
d isp ro v e  th e  h y p o th e s is .  '
1 .2 .2 .2  G a s t r o - in t e s t i n a l  a b s o rp t io n
The o r a l  ro u te  i s  th e  m ost p o p u la r  and c o n v e n ie n t r o u te  o f  
drug  a d m in is t r a t io n  f o r  th o s e  d rugs t h a t  can w i th s ta n d  th e  a c id  
env ironm ent o f  th e  stom ach and  b e  ab so rb ed  a c ro s s  th e  g a s t r o ­
i n t e s t i n a l  t r a c t  ( g . i . t . ) .
For m ost drugs a b s o rp t io n  o ccu rs  by  th e  p a s s iv e  d i f f u s io n  o f  
th e  l i p i d  s o lu b le  u n io n is e d  s p e c ie s j  though  an a c t iv e  u p ta k e  mechanism 
i s  in v o lv e d  f o r  c e r t a i n  compounds. The d i f f u s io n  mechanism i s  
p a r t l y  d e s c r ib e d  by th e  p H - p a r t i t io n  th e o ry  w here th e  g . i . t .  i s  assum ed
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Fig 1 .2  The S a tu r a t io n  K in e t ic s  o f  P h eny to in
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t o  b e  a  s im p le  l i p i d  b a r r i e r  and th e  n o n - io n is e d  form  o f  d ru g s , i f  
s u f f i c i e n t l y  l i p i d  s o lu b le ,  may b e  a b so rb e d . Most d rugs a re  e i t h e r  
a c id s  o r  b a se s  and  th e  c o n c e n tr a t io n  o f  th e  n o n - io n is e d  drug  p r e s e n t  
in  th e  g . i . t . ,  i s  c o n t r o l l e d  by  th e  a p p a re n t d i s s o c i a t i o n  c o n s ta n t  
p k a ' o f  th e  a c id  o r  b a se  and a l s o  th e  pH o f  th e  g . i . t .  a c c o rd in g  to  
th eH en d e rso n -H asse lb ach  e q u a t io n .  Thus f o r  a c id s
io n i s e d  c o n c e n tr a t io n
pH = p k a ' + l o g  E q u a tio n  1 .1
u n - io n is e d  c o n c e n tr a t io n
and f o r  b a s e s ,
u n - io n is e d  c o n c e n tr a t io n
pH = pka' + lo g  ------------------------------------------  E q u a tio n  1 .2
io n is e d  c o n c e n tra t io n
G e n e ra lly  v e ry  weak a c id s  w ith  p k a ' g r e a t e r  th a n  8 a re  e s s e n t i a l l y  
u n - io n is e d  in  th e  s tom ach , w here th e  pH i s  v e ry  lo w ( l - 2 .5  $. S c i e n t i f i c  
T a b le s ) ,  and  may e a s i l y  b e  a b so rb e d . C o n v e rse ly , weak b a se s  w ith  pka ' 
l e s s  th a n  5 a re  l a r g e l y  u n - io n is e d  in  th e  s m a ll i n t e s t i n e s  
where th e  pH i s  * ■ h ig h e r .  A few e x c e p tio n s  to  th e  pH- 
p a r t i t i o n  h y p o th e s is  o c c u r . C e r ta in  d ru g s , f o r  exam ple, q u a r te m a ry  
ammonium compounds, may b e  a b so rb e d  in  th e  io n i s e d  form  b u t th e  e x a c t 
mechanism by w hich t h i s  o c c u rs  i s  n o t y e t known (Howland and T o ze r, 
1980; G ib a ld i , 198U ).
F or a b s o rp t io n  t o  o c c u r ,  d rug  m o lecu le s  m ust b e  in  s o lu t io n  
a t  th e  s u r f a c e  o f  th e  g a s t r o - i n t e s t i n a l  membrane. When th e  fo rm u la tio n  
i s  a d m in is te re d  in  a  form  such  a s  an e l i x i r ,  aqueous s o lu t io n  o r  a 
sy ru p , th e  d rug  i s  a l r e a d y  p r e s e n t  in  s o lu t io n  and th e  r a t e  o f  
a b s o rp t io n  may b e  c o n t r o l l e d  by  th e  r a t e  o f  g a s t r i c  em pty ing . In  
th e  case  o f  s o l i d  dosage form s, f o r  exam ple t a b l e t s ,  c a p s u le s  o r  even 
su sp e n s io n s , th e  d rug  m ust f i r s t  d is s o lv e  t o  b e  a b so rb e d . The
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a b i l i t y  o f  th e  drug  t o  go in to  s o lu t io n  o r  th e  r a t e  o f  d i s s o lu t io n  
w i l l  depend on th e  p h y s ic o -c h e m ic a l c h a r a c te r  o f  th e  a c t iv e  drug 
and th e  way in  w hich i t  i s  fo rm u la te d .
P h en y to in  i s  a  weak a c id  and th e  pk a ' h a s  been  found  by  S chw artz  
et_ al_ (1977) b a se d  on s o l u b i l i t y  m easurem ents in  w a te r  as  8 . 0 6 .
T hat im p lie s  t h a t  50% o f  th e  d rug  i s  io n is e d  a t  pH 8 .0 6 . E a r l i e r  
w orkers u s in g  UV sp e c tro p h o to m e try , p o te n t io m e tr ie  t i t r a t i o n s  in  
h y d ro a lc o h o lic  s o lu t io n s  (A garw al and B la k e , 1968) and  t i t r a t i o n s  
in  50# m ethano l ( D i l l  e t  a l ,  195&) r e p o r te d  p k a ' v a lu e s  o f  8 .3 1 , 8 .3 3  
and 9 .2  r e s p e c t iv e l y .  P h en y to in  i s  a l s o  p r a c t i c a l l y  in s o lu b le  in  
w a te r  w ith  a  s o l u b i l i t y  o f  o n ly  2 1 .9 ^g /m l a t  pH 7*5, 25°C and  l8 .U ^ig /m l 
a t  pH U.9 (S chw artz  e t  a l , 1977)* At h ig h e r  pH, th e  drug  i s  more 
s o lu b le  w ith  a  s o l u b i l i t y  o f  ab o u t l65 jig /m l a t  pH 9 .1  ( b o r a te  b u f f e r ) ,  
and 1.52m g/m l a t  pH 10 ( D i l l  e t  a l ,  1 9 5 8 ).
I d e a l ly  i f  th e  d ru g  w ere fo rm u la te d  a s  a  s o lu t io n  th e  h ig h ly ,  
a c id ic  env ironm ent o f  th e  stom ach w ould l i m i t  th e  i o n i s a t i o n  o f  th e  
weak a c id  and fa v o u r  p a s s iv e  a b s o rp tio n  o f  th e  n o n - io n is e d  d ru g .
W ith i t s  ex tre m e ly  low  s o l u b i l i t y  a t  low  pH, i t  i s  l i k e l y  t h a t
p r e c i p i t a t i o n  o f  th e  a c id  may o c c u r . However, ex p e rim en ts  w ith
o th e r  drugs su g g e s t t h a t  th e s e  p r e c i p i t a t e s  a re  u s u a l ly  f i n e l y
d iv id e d  and th e r e f o r e  e a s i l y  r e d i s s o lv e  t o  m a in ta in  s a tu r a t i o n  a s
th e  d rug  i s  rem oved from  s o lu t io n  by  a b s o r p t io n .  N e v e r th e le s s ,
when p h en y to in  i s  a d m in is te re d  in  th e  s o l i d  s t a t e ,  th e  pH o f  th e
stom ach w i l l  l i m i t  th e  a b i l i t y  o f  th e  d rug  to  d is s o lv e  from  th e
dosage form . Most a b s o rp t io n  o f  th e  d rug  o c c u rs  in  th e  p ro x im al
p a r t  o f  th e  sm a ll i n t e s t i n e ,  w here th e  pH i s  h ig h e r  and th e  p re se n c e
o f  b i l e  s a l t s ,  which f a c i l i t a t e  w e t t in g  and s o l u b i l i s a t i o n  o f  th e  a r u g 1r a i s e s
th e .  d ru g ’ s s o l u b i l i t y ,  though  th e  s o l u b i l i t y  i s  s t i l l  v e ry  low . For a
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drug  such as p h e n y to in , th e  d i s s o lu t io n  from  th e  s o l i d  dosage form  
c o n s t i t u t e s  a  r a t e - l i m i t i n g  s te p  in  th e  sequence o f  e v e n ts  le a d in g  
to  a b s o rp t io n  (F ig .  1 .3 ) •
F ig .  1 .3  Sequence o f  e v e n ts  le a d in g  to  a b s o rp t io n  o f  drug
SOLID DRUG IN a b s o rp t io n  DRUG IN
DRUG --------------------V SOLUTION --------------------->  SYSTEMIC
■ d is s o lu tio n  a c ro s s  g . i . t .  CIRCULATION
A b so rp tio n  i s  th e n  s a id  t o  b e  d i s s o l u t i o n - r a t e - l i m i t e d .
In  a d d i t io n  to  t h i s  p rob lem , b eca u se  o f  th e  n o n - l in e a r  
p h a rm a c o k in e t ic s ,  th e  s te a d y  s t a t e  serum  c o n c e n tr a t io n  i s  e x tre m e ly  
s e n s i t i v e  to  sm a ll d i f f e r e n c e s  in  th e  t o t a l  amount o f  drug  ab so rb e d  
a s  a b s o rp t io n  ap p ro ach es co m p le ten ess  (R ow land, 1 9 8 l ) . T h e re fo re ,  
fo rm u la tio n  f a c t o r s , . even  th o s e  w hich e x e r t  o n ly  a  s l i g h t  in f lu e n c e  
on th e  a b i l i t y  o f  t h e  drug  to  d i s s o lv e ,  may cau se  s i g n i f i c a n t  
d i f f e r e n c e s  in  th e  b i o a v a i l a b i l i t y  o f  drug  from  dosage fo rm s. T h is 
p rob lem  i s  p a r t i c u l a r l y  d i f f i c u l t  s in c e  th e s e  d i f f e r e n c e s  a r e  n o t 
d e te c te d  in  s in g le  dose t r i a l s  b u t  o n ly  become a p p a re n t d u rin g  
c h ro n ic  c l i n i c a l  u se  o f  th e  d rug  a s  th e  s te a d y  s t a t e  serum  l e v e l  may 
ta k e  a  week o r  even up to  30 days to  re sp o n d  t o  dosage change (Ludden 
e t  a l ,  1 9 7 8 ).
I t  i s  n o t s u r p r i s in g  t h a t  r e p o r t s  o f  th e r a p e u t i c  in e q u iv a le n c e  
o f  p h en y to in  p ro d u c ts  a r i s i n g  from  d i f f e r e n t  dosage fo rm s , d i f f e r e n t  
m a n u fa c tu re rs  and d i f f e r e n t  so u rc e s  o f  th e  d rug  have been  w id e ly  
r e p o r te d  in  th e  l i t e r a t u r e .  T h e ra p e u tic  in e q u iv a le n c e  h a s  been  
r e p o r te d  in  Sweden (L und, 1 9 7 ^ b ), F in la n d  (P e n tik a in e n  e t _ a l , 1975; 
Neuvonen e t  a l ,  1977)* U.K. (S te w a r t e t  a l ,  1977)» C h ile  (C id  e t  a l ,  
1 9 8 1 ), U .S.A . (M elk ian  et_ a l , 1977)* Canada (A rn o ld , G erber and Levy,
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1 9 7 0 ), West Germany (Rambeck e t  a l ,  1977)* China (Ma e t  a l ,  1 9 8 3 ),
Japan  (Yahaba e t _ a l , 1 9 8 1 ), A u s t r a l i a  (T y re r  e t  a l ,  197 0 ); Manson 
e t  a l ,  1 9 7 5 ), A u s t r ia  (N its c h e  e t  a l ,  198U ), I n d ia  (B aichw al and T ip n is ,  
1 9 8 1 ). A r e p o r t  by  th e  Ad Hoc Committee on Drug P ro d u c t S e le c t io n  
o f  th e  Academy o f  G en era l P r a c t i c e  o f  Pharmacy in  th e  U .S .A . l a b e l l e d  
p h en y to in  a s  a  d rug  w ith  a  h ig h  r i s k  p o t e n t i a l  f o r  th e r a p e u t i c
in e q u iv a le n c e .  I n - v i t r o  d i s s o lu t i o n  t e s t s  have s in c e  b een  - ___
in tro d u c e d  in  th e  U n ite d  S ta t e s  Pharm acopoeia (USP, 1980) a s  a 
s ta n d a rd  s p e c i f i c a t i o n  f o r  p h e n y to in  sodium  c a p su le s  and t o  red u ce  
th e  in c id e n c e  o f  t h e r a p e u t i c  in e q u iv a le n c e .  The t e s t s  a re  c a r r i e d  
o u t u s in g  th e  USP r o t a t i n g  p a d d le  m ethod a t  50 r .p .m .  i n  900ml 
d i s t i l l e d  w a te r  a t  37°C. L im its  have b een  d e f in e d  f o r  th e  amount o f  
d rug  r e le a s e d  a t  s t a t e d  t im e s .  For prom pt p h en y to in  sodium  c a p s u le s ,  
n o t l e s s  th a n  85$ o f  th e  l a b e l l e d  amount o f  d rug  i s  d is s o lv e d  in  30 
m in u te s . A lso , f o r  th e  ex te n d e d  p h e n y to in  sodium  c a p s u le s  n o t 
more th a n  k0% i s  d is s o lv e d  in  30 m in u te s , 50$ in  60  m in u tes  and  n o t 
l e s s  th a n  70$ in  two h o u r s . The c a p s u le s  m ust a l s o  f a l l  w i th in  th e  
a c c e p ta n c e  l i m i t s  s t a t e d  in  th e  P h a rm a c o p o e ia /N a tio n a l F orm ulary  (USP/NF, 
1 9 8 5 ). The d i f f e r e n c e s  in  d i s s o lu t i o n  p r o f i l e  o f  p h e n y to in  p ro d u c ts  
w ere found  by  Shah and  co -w o rk ers  ( 1983a) to  m a n ife s t  th e m se lv es  in  
in -v iv o  perfo rm ance  as s i g n i f i c a n t  d i f f e r e n c e s  in  th e  r a t e  b u t n o t 
in  e x te n t  o f  b i o a v a i l a b i l i t y .  The o r i g i n a l  P a rk e -D av is  p h en y to in  
sodium  c a p su le  has been  found  t o  b e  a  s lo w er r e le a s e  p ro d u c t th a n  
o th e r  p ro d u c ts  a v a i la b le *  (B aichw al and T ip n is ,  1981; Shah e t  a l ,  
1 9 8 3 a ,b ) . *
In  th e  B r i t i s h  Pharm acopoeia (BP, 1 9 8 0 ), a  l i s t  o f  d rugs has 
been  g iv e n  w here c l i n i c a l  p rob lem s may a r i s e  i f  th e  r e q u ir e d  dose o f  
drug i s  n o t made a v a i l a b l e ,  o r  i f  th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  
d rug  may g iv e  r i s e  to  p ro b lem s, o r  i f  th e r e  have b een  a l l e g a t io n s  o f
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b io - in e ^ u iv a le n c e .  P erhaps s u r p r i s in g ly ,  p h e n y to in  h a s  n o t been  
in c lu d e d  though  th e r e  have been  r e p o r t s  o f  in e q u iv a le n c e  o f  p h e n y to in  
p ro d u c ts  in  th e  U.K. R e c e n tly ,  a  m u l t ip le  c ro s s -o v e r  s tu d y  o f  
E p a n u tin  (P a rk e -D a v is )  c a p su le s  and U o th e r  g e n e r ic  t a b l e t s  o f  
p h e n y to in  sodium  a v a i la b l e  on th e  m arket showed s i g n i f i c a n t  
d i f f e r e n c e s  in  th e  b i o a v a i l a b i l i t y  o f  th e  p ro d u c ts  b u t  th e  m agnitude 
was .sm all and  u n l ik e ly  to  cau se  c l i n i c a l  e f f e c t  on a l t e r a t i o n  o f  
th e ra p y  (Chen e t  a l ,  1 9 8 2 ). H i r j i  e t  a l  ( 1 9 8 5 ) a l s o  com pared 5 
d i f f e r e n t  p r e p a r a t io n s  o f  p h e n y to in  a v a i l a b l e  in  B r i t a i n  (P h e n y to in  
t a b l e t s  -  B o o ts , P h en y to in  t a b l e t s  su g a r c o a te d  -  Evans M ed ica l L t d . , -  
P h en y to in  sodium  t a b l e t s  -  Thomas K e rfo o t & C o ., P h en y to in  t a b l e t s  -  
Cox & Co. L td  and P h en y to in  c a p s u le s  BP -  P a rk e -D a v is ) . No 
s i g n i f i c a n t  d i f f e r e n c e s  w ere o b se rv ed  and th e  a b s o lu te  b i o a v a i l a b i l i t y  
v a r ie d  betw een  68-7^$* lb  i s  a l s o  i n t e r e s t i n g  t h a t ,  in  th e  USP, 
d i s s o lu t i o n  t e s t s  a re  s p e c i f i e d  f o r  p h e n y to in  sodium  c a p s u le s  b u t 
n o t f o r  p h e n y to in  t a b l e t s .
O ther f a c t o r s  w hich may in f lu e n c e  th e  a b s o rp t io n  o f  p h e n y to in  
in c lu d e  th e  p re se n c e  o f  fo o d , c o n c u rre n t a d m in is t r a t io n  o f  drugs 
(K u t t ,  1975) and th e  d is e a s e  s t a t e  o f  th e  p a t i e n t .
1 .2 .3  D is s o lu t io n  : F a c to rs  in f lu e n c in g  d i s s o lu t i o n  o f  p h e n y to in
The g e n e ra l  p ro g re s s  in  fo rm u la tio n  d e s ig n ,  th e  a b i l i t y  to  
a n t i c i p a t e  a b s o rp t io n  prob lem s and  th e  e s ta b l is h m e n t o f  u s e f u l  
i n - v i t r o  d i s s o lu t io n  t e s t s  have im proved g r e a t ly  th e  u n d e rs ta n d in g  o f  
f a c t o r s  w hich c o n t r o l  d i s s o lu t i o n .
In  o rd e r  f o r  d i s s o lu t i o n  o f  d rug  to  o c c u r  from  th e  s o l i d  
s t a t e ,  m o lecu les  m ust e scap e  from  th e  s u r fa c e  o f  th e  s o l i d  and be  
t r a n s p o r te d  away from  th e  s u r f a c e  in t o  th e  b u lk  s o lv e n t .  Three
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d i f f e r e n t  m odels have b een  p ro p o sed  t o  d e s c r ib e  t h i s  p ro c e s s : th e
d i f f u s io n  l a y e r  h y p o th e s i s ,  th e  i n t e r f a c i a l  b a r r i e r  th e o ry  and 
D anckw erts m odel (H ig u c h i, 1967)• i n d i f f u s io n  la y e r  model 
(F ig . l .U a ) ,  a  s t a t i c  l a y e r  o f  s o lv e n t  i s  assum ed t o  e x i s t  a d ja c e n t  
t o  th e  s o l i d  s u r f a c e  th ro u g h  w hich s o lu te  m o lecu le s  d i f f u s e  a lo n g  
a  c o n c e n tr a t io n  g r a d ie n t  in t o  th e  b u lk  s o lu t i o n .  The r e a c t io n  o f  
th e  s o l i d  a t  th e  s u r f a c e  o f  th e  l i q u i d ,  o c c u rs  v e ry  r a p id ly  and th e  
r a t e  o f  d i s s o lu t io n  i s  d e te rm in e d  p r im a r i ly  by  th e  d i f f u s io n  r a t e  
a c ro s s  th e  s t a t i c  f i lm .  The i n t e r f a c i a l  b a r r i e r  model (F ig .  1 .1 b ) ,  
p ro p o ses  t h a t  th e  r e a c t io n  a t  th e  s o l id  s u r f a c e  i s  n o t in s ta n ta n e o u s  
due t o  th e  h ig h  en e rg y  o f  a c t i v a t i o n  r e q u i r e d . ' Thus th e  p ro c e s s  a t  
th e  s o l i d / l i q u i d  l a y e r  i s  r a t e  d e te rm in in g  and  g overns  th e  r a t e  o f  
d i s s o lu t io n  o b se rv e d . In  th e  t h i r d  m odel, th e  D anckw erts model 
(F ig .  l .U c ) ,  th e  d i s s o lu t i o n  r a t e  i s  assum ed t o  b e  g o verned  by 
th e  r a t e  o f  t r a n s p o r t  o f  s o lu te  m o lecu le s  by  m acro sco p ic  p o c k e ts  
o f  s o lv e n t  w hich a t t a c h  th e m se lv es  to  f r e e  s o l i d  s u r f a c e s .  These 
p o c k e ts  a r e  c o n t in u a l ly  b e in g  r e p la c e d  by f r e s h  s o lv e n t  m o le c u le s .
A ccord ing  t o  H ig u ch i ( 1 9 6 7 ) ,  th e  th r e e  p ro c e s s e s  d e s c r ib e d  
above may o ccu r e i t h e r  a lo n e  o r  in  com bination  w ith  each  o th e r .
The s lo w e s t p ro c e s s  d e te rm in e s  th e  o v e r a l l  d i s s o lu t i o n  m echanism .
In  th e  s im p le s t  c a s e ,  th e  d i s s o lu t io n  p ro c e s s  may e a s i l y  be  e x p la in e d  
by th e  d i f f u s io n  l a y e r  m odel. In  t h i s  m odel, when d i s s o lu t i o n  
o ccu rs  from  a  p la n a r  s u r f a c e  and a g i t a t i o n  c o n d i t io n s  a re  low , th e  
s u r fa c e  a r e a  o f  th e  d is s o lv in g  s o l i d  rem ains  c o n s ta n t  and  th e  
d i s s o lu t i o n  r a t e  depends on th e  c o n c e n tra t io n  g r a d ie n t  betw een  th e  
s a tu r a t e d  d i f f u s io n  la y e r  and th e  b u lk  f l u i d .  T his i s  g iv en  by th e  
N oyes-W hitney (1897) e q u a t io n :
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F ig .  l .h  Mechanisms o f  d i s s o lu t i o n :
(a)
(a) d i f f u s io n  l a y e r  model 
(h) i n t e r f a c i a l  h a r r i e r  model 
(c )  Danckwerts model
C , i s  th e  s o l u b i l i t y  o f  th e  ss o l i d ;  C, c o n c e n t ra t io n  o f  
th e  s o l i d  in  th e  b u lk  medium 
and h ,  th e  th ic k n e s s  o f  th e  
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^  = K (C -C) E q u a tio n  1 .3—  s
d t
dc • • .■where. _— , i s  th e  change in  c o n c e n tr a t io n  o f - th e  s o l i d  i n  s o lu t io n  w ith  t im e ;
d t
C . , i s  th e  s o l u b i l i t y  o f  th e  s o l i d ; 1 s .....
C , th e  c o n c e n tr a t io n  o f  th e  d rug  in  th e  b u lk  medium and  K, a  c o n s ta n t i  
The c o n s ta n t  K, can b e  e x p re s s e d  a s  (N e ra s t & B ru n n e r,1 9 0 U ):
DS
K = —  E q u a tio n  l .U
Vh
w here D, i s  th e  d i f f u s io n  c o e f f i c i e n t  o f  th e  d is s o lv in g  s o l id ;
h ,  th e  th ic k n e s s  o f  th e  s t a t i c  l a y e r ;  S , t h e  s u r f a c e  a r e a  o f  th e
s o l i d  and V, th e  volume o f  th e  d i s s o lu t i o n  medium.
The r a t e  o f ,d i s s o lu t i o n ,   , may th e n  b e  e x p re s s e d  a s :
d t
= .' V = (C -C) E q u a tio n  1 .5—  s
d t  d t h
Wien a b s o rp t io n  o f  d rug  in -v iv o  i s  l i m i t e d  b y  th e  d i s s o lu t i o n  s t e p ,  th e  
d is s o lv e d  drug  in  th e  g . i . t .  c o n te n t  i s  c o n t in u a l ly  rem oved by  a b s o rp t io n  
from  s o lu t io n  as d i s s o lu t i o n  o c c u r s .
The b u lk  c o n c e n tr a t io n ,  C, th e n  rem ains  v e ry  low  and  C i s  much g r e a t e rs
th a n  C. Under th e s e  s in k  c o n d i t io n s ,  th e  e q u a t io n  s im p l i f i e s  to :
dm DS _ . . . c  = __  n E q u a tio n  1 .6
d t h s
T h is  e q u a tio n  may b e  u se d  t o  e x p la in  m ost o f  th e  f a c t o r s  t h a t ' in f lu e n c e  
d i s s o lu t i o n .
In  i n - v i t r o  t e s t s , t h e  e x p e r im e n ta l c o n d i t io n s  in f lu e n c e  th e  
d i s s o lu t i o n  r a t e .  The f a c to r s  in v o lv e d  have b een  d is c u s s e d  by Rees 
(1977) and may be  sum m arised as  f o l l o w s : -
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(1) I n t e n s i t y  o f  a g i t a t i o n ,  ty p e  o f  f lo w , shape o f  d i s s o lu t io n  
v e s s e l ,  e t c .
(2) C o n c e n tra tio n  g r a d ie n t  o r  th e  d i f f e r e n c e  betw een  th e
c o n c e n tr a t io n  o f  th e  drug  in  th e  b u lk  f l u i d .a n d  i t s  
s o l u b i l i t y  in  th e  d i s s o lu t io n  medium
(3) P r o p e r t i e s  o f  th e  medium such as  pH, io n ic  s t r e n g th ,
v i s c o s i t y ,  volum e, e t c .
(U) T em perature o f  th e  t e s t  w hich i s  n o rm ally  c a r r i e d  o u t
a t  body te m p e ra tu re ,  37°C.
U s u a lly , i n - v i t r o  t e s t  c o n d i t io n s  may b e  a d ju s te d  to
e s t a b l i s h  c o r r e l a t i o n  betw een  i n - v i t r o  t e s t  r e s u l t s  and
p h a rm a c o k in e tic  p a ra m e te rs  such  a s  tim e  t o  peak  in  th e  b lo o d ,
t  i a r e a  u n d er th e  b lo o d  c o n c e n tr a t io n  v e rs u s  tim e  c u rv e s ,  AUC, max
peak b lo o d  c o n c e n t r a t io n ,  Cm ax. These p a ra m e te rs  may b e  c a l c u la te d
from  e x p e r im e n ta l^ p lo ts  w hich show th e  change in  drug  c o n c e n tr a t io n
in  th e  b lo o d  (o r  p lasm a o r  serum  as  a p p r o p r ia te )  w ith  tim e . Good
c o r r e l a t i o n s  have been  o b se rv ed  f o r  a  v a r i e t y  o f  p h e n y to in  p ro d u c ts
betw een  th e  p e rc e n ta g e  o f  d rug  d is s o lv e d  in  30 m in u tes  and
b i o a v a i l a b i l i t y  m easured  by  C and AUC v a l u e s . The d i s s o lu t io nmax
was c a r r i e d  o u t by  th e  r o t a t i n g  b a s k e t  m ethod (USP) a t  150 r .p .m .
in  b o r a te  b u f f e r  pH 9 (B randau  and W ehnert, 1979)* Shah and  o th e r s
(1983a) have a l s o  r e p o r te d  good c o r r e l a t i o n s  betw een  C , t  andmax max
th e  p e rc e n ta g e  o f  d rug  d i s s o lv in g  in  30 and  60  m in u tes  u s in g  th e  
r o t a t i n g  b a s k e t  m ethod. Though i t  may b e  i d e a l  t o  o b ta in  c o r r e l a t i o n s  
such  a s  th e s e ,  i t  i s  n o t alw ays r e q u i r e d  f o r  d i s s o lu t i o n  t e s t i n g .
O ften  th e  m ost im p o r ta n t c o n s id e r a t io n  i s  th e  a b i l i t y  o f  th e  t e s t  to  
p ro v id e  m ean in g fu l q u a n t i t a t i v e  s c re e n in g  o f  dosage fo rm s . The 
o b se rv e d  d i f f e r e n c e s ,  i f  an y , a re  u s u a l ly  a  r e s u l t  o f  v a r i a t i o n  in
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drug  p r o p e r t i e s ,  fo rm u la tio n  and p ro c e s s in g  c o n d i t io n s  w hich a r e  
c o n s id e re d  below .
1 .2 .3 .1  C ry s ta l  form  and c r y s t a l  h a b i t
Many drugs can e x i s t  in  more th a n  one c r y s t a l l i n e  form  a  
p ro p e r ty  known as polym orphism . The polym orphs show d i f f e r e n c e s . in  
s p a c e - l a t t i c e  a rran g em en ts  and  a l s o  in  c e r t a in  p h y s ic a l  p r o p e r t i e s  
such  a s  d e n s i ty ,  m e lt in g  p o in t ,  s o l u b i l i t y  and  som etim es d i s s o lu t i o n  
r a t e s .
C h a k ra b a r ti  et_ a l  (1977) have re c o rd e d  tw o c r y s t a l l i n e  form s 
o f  p h e n y to in  w hich w ere e i t h e r  p l a t e  o r  n e e d le - s h a p e d . The p l a t e  
form  showed s l i g h t l y  h ig h e r  d i s s o lu t i o n  r a t e s  f o r  com parable 
p a r t i c l e  s i z e s .  No f u r t h e r  work h as  b een  done to  show i f  th e s e  
d i f f e r e n c e s  may cau se  s i g n i f i c a n t  d i f f e r e n c e s  in  b i o a v a i l a b i l i t y .
The d i f f e r e n c e  in  d i s s o lu t i o n  o f  th e  two c r y s t a l  form s h as  been  
s u g g e s te d  as  due t o  a c t iv e  c o rn e rs  on th e  c r y s t a l  edges and  c o rn e rs  
as  w e l l  as p o in ts  o f  c r y s t a l  d e f e c ts  (C h a k ra b a r t i  et_ a l ,  1 9 7 8 ). 
Grabowska and  K a lisz a n  (197*0 have found  t h a t  p h e n y to in  p r e c i p i t a t e d  
from  an  aqueous s o lu t io n  o f  th e  sodium  s a l t  l o s t  0 .5  mole o f  w a te r  
a t  l85~ 190°C . A s im i la r  en d o th erm ic  peak  was o b se rv e d  f o r  th e  p l a t e  
form  o f  p h e n y to in  s tu d ie d  by  C h a k ra b a r ti  e t  a l ,  (1 9 7 8 ) . The X -ray  
powder p a t t e r n s  f o r  th e  two form s showed v e ry  l i t t l e  d i f f e r e n c e s .
I t  h a s  been  su g g e s te d  t h a t  th e  d i f f e r e n c e s  w ere due t o  th e  p re se n c e  
o f  s o lv e n t  and th e r e f o r e  i t  i s  l i k e l y  t h a t  th e  s o lv e n t  m o lecu le  
p la y e d  v e ry  l i t t l e  r o l e  in  th e  c r y s t a l  s t r u c t u r e  and  p ro b a b ly  
o ccu p ied  v o id s . T h is ty p e  o f  polym orphism  i s  r e f e r r e d  to  a s  c r y s t a l  
ps eudopolym orphi sm.
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S o lid  m a te r ia ls  may a l s o  "be amorphous w here th e  m o lecu les  a r e  
a r ra n g e d  in  a random o r d e r ,  somewhat l i k e  in  th e  l i q u i d  s t a t e .
B ecause th e r e  i s  no o rd e re d  r e g u la r  s t r u c t u r e ,  amorphous m a te r ia l s  
r e q u i r e  l e s s  en erg y  to  b e  s o lv a te d  and d is s o lv e d ,  th u s  th e y  show much 
h ig h e r  d i s s o lu t i o n  r a t e s  th a n  t h e i r  c r y s t a l l i n e  po lym orphs. Amorphous 
form s o f  p h e n y to in  a re  form ed d u rin g  th e  p r e p a r a t io n  o f  s o l i d  d is p e r s io n s  
o r  in t e n s iv e  m ix ing  o f  c r y s t a l l i n e  p h e n y to in  w ith  po lym er. These 
form s show much h ig h e r  d i s s o lu t i o n  r a t e  as  p r e d ic te d .  However, Tammisto 
et_ a l  ( 1 9 7 6 ) have docum ented an amorphous form  o f  p h e n y to in  w hich 
i n t e r e s t i n g l y  showed v e ry  low  b i o a v a i l a b i l i t y ,  when fo rm u la te d  as a  
t a b l e t ,  a s  com pared to  o th e r  t a b l e t s  c o n ta in in g  c r y s t a l l i n e  p h e n y to in .
C ry s ta l  h a b i t  o f  p a r t i c l e s  may b e  m o d if ie d  by  changes in  
c o n d i t io n s  d u r in g  c r y s t a l l i z a t i o n .  Kwashima e t  a l  ( 1 9 8 6 ) have 
p re p a re d  p h en y to in  c r y s t a l s  w ith  im proved f lo w , m e ch an ic a l s t r e n g t h ,  
d i s s o lu t i o n  r a t e  and b i o a v a i l a b i l i t y  by s p h e r ic a l  c r y s t a l l i z a t i o n .
An a l k a l in e  s o lu t io n  o f  p h e n y to in  a t  UO°C was added to  a  w e l l  
d is p e r s e d  m ix tu re  o f  is o p ro p y l  a c e ta t e  and h y d ro c h lo r ic  a c id  
c o n ta in in g  a  w a te r  s o lu b le  po lym er. Polym ers u se d  w ere p o ly v in y l­
p y r r o l id o n e ,  p o ly e th y le n e  g ly c o l  U,000 o r  g e l a t i n .  C ry s ta ls  p ro d u ced  
w ere s p h e r ic a l  in  shape w ith  smooth s u r f a c e s .
1 .2 .3 .2  S u rfa c e  a re a  and  p a r t i c l e  s iz e
From th e  N oyes-W hitney e q u a t io n ,  th e  r a t e  o f  d i s s o lu t io n  i s  
d i r e c t l y  p r o p o r t io n a l  t o  th e  s u r f a c e  a re a  o f  s o l i d  ex p osed . F o rm u la tio n  
s c i e n t i s t s  have o f te n  u se d  t h i s  r e l a t i o n s h i p  t o  im prove th e  d i s s o lu t i o n  
o f  p o o r ly  s o lu b le  d rugs by re d u c in g  th e  drug  p a r t i c l e  s i z e .  C la s s ic a l  
exam ples a re  th e  im provem ent in  b i o a v a i l a b i l i t y  f o r  fo rm u la tio n s  
c o n ta in in g  m ic ro n is e d  g r i s e o f u lv in  and  d ig o x in . As th e  s i z e  o f  a
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p a r t i c l e  d e c re a s e s ,  i t s  s o l u b i l i t y  a l s o  in c r e a s e s .  A number o f  
e x p re s s io n s  have been  d ev e lo p ed  t o  r e l a t e  p a r t i c l e  s o l u b i l i t y  to  th e  
p a r t i c l e  c h a r a c t e r i s t i c s .  The m ost common i s  th e  O s tw a ld -F re u n d lic h  
e q u a t io n :
M * 1lo g  S/S = E q u a tio n  1 .7
o  ---------------------------• —
2 .3 0 3  pRT r
w here S , i s  th e  s o l u b i l i t y  o f  th e  p a r t i c l e  whose p a r t i c l e  s i z e  h a s
been  red u ce d  t o  r a d iu s  r ;  SQ, th e  nom inal s o l u b i l i t y  o f  a  l a r g e
p a r t i c l e ;  <j- , th e  s u r f a c e  f r e e  e n e rg y  o f  th e  c r y s t a l  p a r t i c l e ;  m
M, th e  m o le c u la r  w e ig h t and p ,  th e  d e n s i ty  o f  th e  m a te r i a l .  The
in c re a s e  in  s o l u b i l i t y  i s  u s u a l ly  o n ly  s i g n i f i c a n t  when th e  p a r t i c l e
d ia m e te r  i s  re d u c e d  below  1pm.
I t  h as  been  shown by  a  num ber o f  w orkers  t h a t  th e  r e d u c t io n  o f
p a r t i c l e  s iz e  im proved g r e a t l y  th e  d i s s o lu t i o n  r a t e  o f  p h e n y to in
(Jo h an sen  and W iese , 1970; Jo h a n s e n , 1972; C h a k ra b a r t i  e t _ a l , 1977 ;
Neuvonen e t  a l ,  1977; Yakou e t  a l ,  198U ). However, a t te m p ts  a t
c o r r e l a t i n g  serum  l e v e l s  and p a r t i c l e  s i z e  have shown some c o n f irm a to ry
and o th e r  c o n t r a d ic to r y  r e s u l t s .  A s tu d y  to  c o r r e l a t e  p a r t i c l e  s i z e
and b i o a v a i l a b i l i t y  p e rfo rm ed  in  dogs r e p o r te d  t h a t  th e  AUC was .
in v e r s e ly  r e l a t e d  to  p a r t i c l e  s i z e  (C h a k ra b a r t i  e t  a l , 1979)* S im ila r
f in d in g s  have been  docum ented by  Jo h an sen  and  W iese (1970) and
T agask i e t  a l  (1 979 )• Serum le v e l s  p ro d u ced  by  d i f f e r e n t  b ra n d s  o f
p h e n y to in  w ere com pared in  a  b i o a v a i l a b i l i t y ’s tu d y  w here amorphous
and c r y s t a l l i n e  p h e n y to in  .o f p a r t i c l e  s i z e  17«5  -  ^5pm w ere u sed
(Tam misto e t  a l ,  1 9 7 6 ). The w o rk ers  co n c lu d ed  t h a t  though  th e r e  w ere
d if f e r e n c e s  in  serum  l e v e l s  p ro d u ced , th e r e  was no c o r r e l a t i o n
%
betw een  p a r t i c l e  s i z e  and serum  p h e n y to in  l e v e l s .  These f in d in g s  may
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how ever b e  c r i t i c i s e d  on th e  g rounds t h a t  o th e r  f a c t o r s  such  as 
e x c ip ie n ts  p r e s e n t  may overshadow  th e  in f lu e n c e  o f  p a r t i c l e  s i z e .
C h a k ra b a r ti  e t  a l  (1977) n o te d  t h a t  a  sh a rp  im provement in  
d i s s o lu t io n  r a t e s  o c c u rre d  on th e  r e d u c t io n  o f  p a r t i c l e  s i z e  below  
125pm, b u t  o th e rs  have found  t h a t  7^”1^9pm was a  c r i t i c a l  p a r t i c l e  
s iz e  and  t h a t  f u r t h e r  r e d u c t io n  had  no in f lu e n c e  on d i s s o lu t io n  
r a t e s  (Yakou e t  a l ,  198U ). These d i f f e r e n c e s  a r e  i n t e r e s t i n g  s in c e  
b o th  g roups o f  w orkers u se d  powder fo rm u la tio n s  b u t  i t  i s  l i k e l y  t h a t  
th e  d i f f e r e n c e s  a re  th e  r e s u l t  o f  th e  e x p e r im e n ta l c o n d i t io n s .  
C h a k ra b a r ti  and co -w o rk ers  u sed  a  p r o p e l l e r  r o t a t i n g  a t  ab o u t 600 • 
r .p .m .  w h i l s t  th e  Yakou team  u se d  a  p a d d le  r o t a t i o n a l  speed  o f  100 
r .p .m .  Under th e  low er hydrodynam ic a g i t a t i o n  c o n d i t io n s ,  th e  
a g g re g a tio n  o f  powders o c c u r r in g  in  th e  p a r t i c l e  s i z e  f r a c t i o n  o f  
l e s s  th a n  50pm m ight w e l l  b e  p ronounced  and th e r e f o r e  p a r t i c l e  s i z e  
r e d u c t io n  may n o t show as  an in c r e a s e  in  e f f e c t i v e  s u r f a c e  a r e a .  
A g g re g a tio n  o f  m ic ro n is e d  d rugs i s  u s u a l ly  a  p rob lem  and may be  
red u ce d  when su rface- a c t iv e  a g e n ts  a re  added to  im prove l i q u i d  
p e n e t r a t io n  and d i s p e r s io n .  A lso , by  s p re a d in g  f in e  d rugs ov er 
c o a rs e  c a r r i e r  p a r t i c l e s  u s in g  f r i c t i o n  o r b y  s o lv e n t  d e p o s i t io n ,  th e  
d rug  may b e  h e ld  in  a  d eag g lo m era ted  s t a t e  le a d in g  to  a  l a r g e r  
exposed  s u r fa c e  a re a  and c o n se q u e n tly  an in c re a s e d  d i s s o lu t i o n  r a t e .
1 .2 .3 .3  Chem ical Form
In  p re fo rm u la tio n  s t u d i e s ,  t h e  p roblem  o f  poor s o l u b i l i t y  may 
be c o u n te ra c te d  b y  p r e p a r a t io n  o f  chem ica l form s w ith  h ig h e r  s o l u b i l i t y .  
T h is i s  u s u a l ly  e a s i l y  a c h ie v e d  by  th e  p r e p a r a t io n  o f  s a l t  form s o f  
th e  d ru g .
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S a l t  fo rm a tio n  o f  p h e n y to in  ta k e s  p la c e  w ith  th e  invo lvem en t 
o f  th e  im id ic  hydrogen  th ro u g h  th e  o c c u rre n c e  o f  la c ta m  -  la c t im  
ta u to m erism . These s a l t s  a re  r e a d i l y  s o lu b le  and  th e  sodium  s a l t  i s  
r e p o r te d  to  have a  s o l u b i l i t y  o f  l g  in  66 ml o f  w a te r  (Merck In d ex ,
198U ). The ca lc iu m  s a l t  h a s  a  s l i g h t l y  low er s o l u b i l i t y  ( i s h ig u r o  and  - 
Mogi, 1959 ).
- A lb an i e t  a l  ( 1 9 8 1 ) in  t h e i r  s tu d ie s  w ith  two p h e n y to in . .. 
p r e p a r a t io n s  c o n ta in in g  th e  a c id  and sodium  s a l t ,  found  t h a t  th e  
fo rm u la tio n  c o n ta in in g  th e  s a l t  form  showed a  h ig h e r  i n - v i t r o  r a t e  
o f  d i s s o lu t i o n .  However, no s i g n i f i c a n t  d i f f e r e n c e  i n  b i o a v a i l a b i l i t i e s  
betw een th e  s a l t  and a c id  was found when th e y  w ere b o th  g iv e n  t o  
h e a l th y  and e p i l e p t i c  p a t i e n t s .  O th ers  have found  t h a t  th e  sodium 
s a l t  was more co m p le te ly  ab so rb ed  th a n  th e  a c id  form  (Lund, 1 9 7 ^ >
A lb e r t  e t  a l ,  197*0* Lund’s r e s u l t s  have b een  c r i t i c i s e d  b y  Tammisto 
et_ a l  ( 1976 ) who found  t h a t  th e  a c id  fo rm u la tio n  u se d  h ad  a  p a r t i c u l a r l y  
poor b i o a v a i l a b i l i t y .  On th e  o th e r  h an d , S te w a rt et_ al_ (1977) n o te d  
t h a t  by  chang ing  from  P h en y to in  Sodium BP t o  chew able a c id  t a b l e t  
p r e p a r a t io n s  a  s i g n i f i c a n t  in c re a s e  in  p lasm a l e v e l s  m atched b y  a 
d e c re a se  in  th e  number o f  s e iz u r e s  was n o te d . S im ila r  r e s u l t s  have 
been  r e p o r te d  by  o th e rs  ( D i l l ,  1956; Tammisto e t  a l ,  1976; B randau 
and  W ehnert, 1 9 7 9 )•
At a  f ix e d  pH a  d rug  such  a s  p h en y to in  w i l l  have a  f ix e d  
e q u i l ib r iu m  s o l u b i l i t y  i r r e s p e c t iv e  o f  w h e th e r th e  f r e e  a c id  o r  i t s  
s a l t  i s  u s e d . The d i s s o lu t i o n  r a t e  on th e  o th e r  h an d , may be h ig h e r  
f o r  th e  s a l t s  o f  th e  weak, a c id  th a n  f o r  th e  a c id  form  i t s e l f .  T his 
i s  e x p la in e d  b y  c o n s id e r a t io n  o f  th e  d i f f u s io n  la y e r  pH. The pH o f  
th e  d i f f u s io n  la y e r  form ed around  th e  d is s o lv in g  s a l t  p a r t i c l e s  i s  
g r e a te r  th a n  th e  b u lk  pH due t o  th e  c o n t r ib u t io n  o f  h y d ro x y l io n s ,  
t h e r e f o r e ,  th e  e f f e c t i v e  l o c a l i s e d  s o l u b i l i t y  and  d i s s o lu t i o n  r a t e  i s
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in c re a s e d .  The e q u i l ib r iu m  s e t  up f o r  p h e n y to in  i n  w a te r  i s  shown 
helow  (F ig .  1 .5 )*
F ig . 1 .5  E q u ilib r iu m  s e t  up w ith  p h en y to in  sodium  in  w a te r
+ HOH + —Na P h en y to in  ________ ^ Na + P h en y to in
( s a l t )  HOH
▼
P h en y to in  + OH”
(a c id )
F or p h en y to in  sodium  one w i l l  ex p ec t th e  d is s o lv e d  drug  to
p r e c i p i t a t e  a s  f in e  p a r t i c l e s  o f  p h e n y to in  a c id  in  th e  g . i . t .  lum en,
__
and th e s e  can e a s i l y  be  r e d is s o lv e d  Once a b s o rp t io n  o f  d rug  from  
s o lu t io n  cau ses  a  f a l l  below  s a tu r a t i o n .  The f a c t  t h a t  p r e p a r a t io n s  
o f  p h e n y to in  a c id  may g iv e  com parable b i o a v a i l a b i l i t i e s  to  th e  s a l t  
w ould in d i c a te  t h a t  o th e r  fo rm u la tio n  f a c t o r s  s u c h .a s  e x c ip ie n t s ,  
and drug  p a r t i c l e  s iz e  have t o  b e  ta k e n  in to  c o n s id e r a t io n .  A w e ll  
fo rm u la te d  a c id  p ro d u c t sh o u ld  th e r e f o r e  b e  a b le  t o  g iv e  com parable 
o r  even h ig h e r  b i o a v a i l a b i l i t y  th a n  th e  sodium  s a l t  ( D i l l  ^et a l ,  195 6 ; 
G lazko and  Chang, 1 9 7 2 ).
The q u e s tio n  o f  th e  b i o a v a i l a b i l i t y  o f  th e  ca lc iu m  s a l t  sh o u ld  
t h e o r e t i c a l l y  fo llo w  a  s im i la r  a rgum en t; how ever, th e  l i t e r a t u r e  
p r e s e n ts  a  s im i la r  seem in g ly  c o n fu s in g  p ic tu r e  as f o r  th e  sodium  
s a l t .  Some r e s e a r c h e r s  (Rambeck e t  a l ,  1977; B randau and W ehnert, 
1979) have r e p o r te d  h ig h e r  b i o a v a i l a b i l i t i e s  f o r  th e  a c id  th a n  f o r  th e  
ca lc iu m  s a l t .  In  Germany, p h e n y to in  was m ark e ted  as th e  ca lc iu m  s a l t  
in  Phenhydan t a b l e t s  u n t i l  1976, when th e  fo rm u la tio n  was changed f o r  
t e c h n ic a l  re a so n s  t o  th e  a c id  p r e p a r a t io n .  S tu d ie s  on t h i s  new
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p r e p a r a t io n  showed t h a t  s i g n i f i c a n t l y  h ig h e r  serum  l e v e l s  w ere 
o b ta in e d  th a n  f o r  th e  ca lc iu m  s a l t .  M edical p e rs o n n e l w ere th e n  
c a u t io n e d  to  m o n ito r p a t i e n t s  c lo s e ly  when th e r e  was a  change in  
fo rm u la tio n  (Rambeck e t  a l ,  19TT)« In  A u s t r ia ,  in  a  co m para tive  
b i o a v a i l a b i l i t y  s tu d y  o f  s e v e r a l  p h e n y to in  p r e p a r a t io n s  on th e  
m a rk e t, t h e  a u th o rs  found  b y  c o n s id e r in g  th e  AUC, t h a t  th e  r a t e s  
w ere in  th e  o rd e r  Phehhydan (c a lc iu m  s a l t )  > E p ila n  (p h e n y to in  a c i d ) ^  
E p a n u tin  (p h e n y to in  sodium ) >/* D ifhydan  (p h e n y to in )  (N itsc h e  e t  a l ,  
198U ). O b v io u sly , in  a l l  th e s e  p r e p a r a t io n s  o th e r  fo rm u la tio n  
f a c t o r s  ap p ea r t o  have a  p redom inan t in f lu e n c e .  I f  t h e  d i f f e r e n t  
s a l t s  and  a c id  form  were fo rm u la te d  u s in g  i d e n t i c a l  p a r t i c l e  s i z e  in  
an i d e n t i c a l  dosage fo rm , one w ould e x p e c t t h a t  d i s s o lu t io n  and  
b i o a v a i l a b i l i t y  w ould fo llo w  th e  o rd e r  d e te rm in e d  b y  th e  s o l u b i l i t y  
P h en y to in  Sodium > P h en y to in  Calcium  »  P h e n y to in .
A no ther m ethod o f  c irc u m v e n tin g  th e  p o o r s o l u b i l i t y  o f  drugs 
i s  th e  u se  o f  w a te r  s o lu b le  "p ro  d ru g s"  w hich can  c o n v e r t t o  th e  
a c t iv e  d rug  in  th e  body . A common m ethod i s  to  p re p a re  d e r iv a t iv e s  
w hich may e i t h e r  c o n ta in  an io n i c ,  io n iz a b le  group o r  a  ch em ica l 
g roup w hich d e c re a se s  th e  m e ltin g  p o in t  (Amidon, 1 9 8 1 ). The h ig h  
m e ltin g  p o in t  o f  p h e n y to in  i s  a t t r i b u t e d  to  th e  s tro n g  in te r - m o le c u la r  
b o nd ing  in  th e  c r y s t a l  l a t t i c e  betw een  th e  hydrogen  atom  on th e  N(.U)
(s e e  F ig . 1 . 1 . a) and  th e  c a rb o n y l oxygen o f  a  n e ig h b o u rin g  p h e n y to in  
m o lecu le  (Camerman and Camerman, 1971)* By d is r u p t in g  t h i s  bo n d in g  
in  a  b io r e v e r s i b le  f a s h io n  and in c r e a s in g  th e  s o l u b i l i t y  o f  th e  d ru g , 
th e  compound may be  fo rm u la te d  in to  a  s u i t a b l e  dosage form . Yamoaka 
and co -w orkers  (1983) have s y n th e s is e d  a  homologous s e r i e s  o f  
3 -acy lo x y m eth y l d e r iv a t iv e s ' o f  p h e n y to in  and  shown t h a t  s u p e r io r  
b i o a v a i l a b i l i t i e s  may be o b ta in e d  i f  th e  3“p en tan o y lo x y m e th y l d e r iv a t iv e
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v as a d m in is te re d  in  t r i b u t y r i n  th a n  f o r  p h e n y to in . B undgaard and 
Jo h n sen  (1980) have a l s o  a c h ie v e d  enhanced  d i s s o lu t i o n  r a t e s  by  
d e r i v a t i s a t i o n  o f  p h e n y to in  th ro u g h  N -a m in o e th y la tio n . A nother m ethod 
w hich h a s  b een  u s e d ^ is  th e  p r e p a r a t io n  o f  th e  d ie th y la m in o e s te r  o f  
d ip h e n y lh y d a n to ic  a c id .  The s u lp h a te  s a l t  o f  t h i s  compound undergoes 
r in g  c lo s u re  u n d er a c id ic  c o n d i t io n s  t o  form  p h e n y to in  and i s  ab o u t 
9»000 t o  1 5 #000 tim e s  more s o lu b le  in  w a te r  th a n  p h e n y to in  ( S t e l l a  
e t  a l ,  1 9 7 5 ).
The p ro d ru g  ap p roach  i s  u s e f u l  and  has  b een  u se d  s u c c e s s f u l ly  
in  o th e r  a p p l i c a t io n s ;  f o r  exam ple, th e  t r a n q u i l l i z e r  c lo ra z e p a te  
i s  a  p ro d ru g  o f  n o rd iazep am , an a c t iv e  m e ta b o l i te  o f  d iazepam , and 
i s  m ark e ted  a s  th e  d ip o ta s s iu m  s a l t  ( G ib a ld i ,  198U ). In  th e  ca se  o f  
p h e n y to in , th e  p r e p a r a t io n  o f  p ro d ru g s  seems to  b e  m a in ly  o f  
t h e o r e t i c a l  i n t e r e s t  s in c e  o th e r  s im p le r  m ethods o f  im prov ing  th e  
b i o a v a i l a b i l i t y  e x i s t  w ith o u t th e  n eed  t o  r e s o r t  t o  p ro d ru g s .
1 . 2 .3 . ^  E x c ip ie n ts
McQueen ( 1 9 6 8 ) and T y re r  et_ a l  (1970) have d e s c r ib e d  'th e  
o u tb re a k  o f  a n t ic o n v u ls a n t  i n t o x i c a t io n  in  A u s t r a l i a ,  i n  1968, when 
. p a t i e n t s  s t a b i l i s e d  on a  fo rm u la tio n  o f  p h e n y to in  sodium  c o n ta in in g  
c a lc iu m  s u lp h a te  d ih y d ra te  was changed t o  one c o n ta in in g  l a c t o s e .  I t  
was p ro p o sed  t h a t  p h e n y to in  was l e s s  b io - a v a i l a b l e  when fo rm u la te d  
w ith  ca lc iu m  s u lp h a te  and i t  has b een  su g g e s te d  t h a t  an  in s o lu b le  
com plex o f  th e  d ru g  was form ed d u r in g  d i s s o lu t i o n ,a s  h ig h e r  l e v e l s  
o f  th e  d rug  were- e x c re te d  . f o r  l a c to s e  fo rm u la tio n s  (B ochner e t  a l ,  
1972b; 1973)* B astam i and Groves (1978) a l s o  s tu d ie d  th e  e f f e c t  
o f  e x c ip ie n t s  in c lu d in g  c a lc iu m  and magnesium s a l t s  on th e  i n - v i t r o  
r e l e a s e .  The drug  was n o t r e le a s e d  when magnesium s u lp h a te  was u se d
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as e x c ip ie n t ;  th e s e  a u th o rs  have a l s o  su g g e s te d  t h a t  in s o lu b le  
magnesium com plexes may have b een  form ed. Most o th e r  w orkers have 
found  no ev id en ce  o f  i n t e r a c t i o n  betw een p h e n y to in  sodium  and c a lc iu m  
s u lp h a te  (Chapron e t  a l ,  1979» Dunn, 1982; Rubino e t  a l ,  1985)*
The q u e s tio n  o f  red u ce d  b i o a v a i l a b i l i t y  in  th e  p re se n c e  o f  ca lc iu m  
s u lp h a te  i s  l in k e d  a l s o  w ith  th e  e f f e c t  o f  c o n c u rre n t a d m in is t r a t io n  
o f  a n ta c id s  (O ’B rie n  e t  a l ,  1978; Chapron e t  a l ,  1979) o r  ca lc iu m  
r i c h  foods (H e rish a n u  e t  a l ,  1978) on th e  b i o a v a i l a b i l i t i e s  o f  
p h e n y to in . R e s u lts  o f  th e s e  s tu d ie s  a re  c o n f l i c t i n g  b u t  i t  has b een  
su g g e s te d  t h a t  th e  re d u c e d  a b s o rp t io n  may b e  due to  a  d i r e c t  e f f e c t  
o f  c a lc iu m  io n s  on th e  i n t e s t i n a l  membrane.
The p re se n c e  o f  e x c ip ie n t s  may be  u se d  t o  enhance th e  d i s s o lu t i o n  
o f  p o o r ly  s o lu b le  d r u g s . V arious methods a re  a v a i la b le  and some have 
been  .s u c c e s s fu l ly  em ployed f o r  p h e n y to in . Sanghavi and Kamath (198U) 
in c o rp o ra te d  th e  s u r f a c ta n t  p o ly s o rb a te  80 o r  sodium  l a u r y l  s u lp h a te  
in t o  th e  p h e n y to in  mass and n o te d  im proved d i s s o lu t i o n  as  com pared 
t o  th e  drug  a lo n e .  C h a k ra b a r t i ,  B e lp a ir e  and Moerman (1980) a l s o  
o b se rv e d  h ig h  d i s s o lu t i o n  r a t e s  f o r  P h en y to in  t a b l e t s  c o n ta in in g  
p h e n y to in  p r e c i p i t a t e d  w ith  p o ly s o rb a te  80 w hich w ere com parable 
t o  th o s e  o f  th e  sodium  s a l t .  S u r f a c ta n ts  im prove d i s s o lu t io n  by  
lo w e rin g  th e  i n t e r f a c i a l  te n s io n  betw een th e  d i s s o lu t i o n  medium and 
th e  d rug  p a r t i c l e s  th e re b y  a id in g  p e n e t r a t i o n ,  w e t t in g  and s u b se q u e n tly  
d i s s o lu t i o n .
O th er m ethods w hich have been  a p p l ie d  t o  enhance d i s s o lu t io n  
in c lu d e  th e  fo rm a tio n  o f  s o l i d  d is p e r s io n s  u s in g  a  s u i t a b le  c a r r i e r .  
Common c a r r i e r s  w hich a re  n o rm a lly  u sed  a r e  th e  polym ers p o ly e th y le n e  
g ly c o l  (PEG) and  p o ly v in y lp y r ro lid o n e  (PVP). These d is p e r s io n s  may 
be p re p a re d  e i t h e r  b y  m e l t / f u s io n  o r  by  th e  u se  o f  c o - s o lv e n ts .
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N orm ally  th e  r a t i o  o f  drug  t o  polym er i s  low t o  m axim ise th e  in c re a s e  
in  d i s s o lu t i o n .  S o l id  d is p e r s io n s  o f  p h e n y to in  w i th  PVP have b een  
p re p a re d  and shown t o  im prove d i s s o lu t io n  r a t e s  and  b i o a v a i l a b i l i t y  
(Sekikaw a e t  a l , 1978; Nozawa e t  a l ,  1 9 8 5 ). PVP i s  a  n o n - c r y s ta l l in e  
polym er and by  p r e p a r a t io n  o f  s o l i d  d is p e r s io n ,  th e  d rug  i s  t r a n s f e r r e d  
to  a  h ig h  energy , o r  amorphous form  w hich i s  e a s i l y  d is s o lv e d .  A 
r e d u c t io n  in  th e  m o le c u la r  w eig h t o f  th e  PVP u sed  im proves th e  
s o lu t io n  r a t e s  p ro b a b ly  as  a  r e s u l t  o f  th e  r e d u c t io n  in  v i s c o s i t y  
a ro u n d  th e  d is s o lv in g  d rug  p a r t i c l e s .  Yakou e t _ a l  ( 198U) and 
S ta v a c h a n sk i and Gowan (198U) o b ta in e d  im proved d i s s o lu t i o n  and 
b i o a v a i l a b i l i t y  u s in g  PEG U,000 and PEG 6 ,0 0 0  r e s p e c t iv e l y .  D ata 
f o r  p h e n y to in  fo rm u la te d  as a  s o l i d  d is p e r s io n  w ith  PEG 6 ,0 0 0  show 
i t  to  b e  b io e q u iv a le n t  t o  prom pt p h en y to in  sodium  c a p s u le s .  PEG 
u n l ik e  PVP, i s  h ig h ly  c r y s t a l l i n e  and  i s  th o u g h t t o  b e  c a p a b le  o f  
t r a p p in g  low m o le c u la r  w e ig h t d rugs in  th e  i n t e r s t i t i a l  p o re s .
O th e r p o ly m eric  c a r r i e r s  r e c e n t ly  e v a lu a te d  a r e  th e  n a t u r a l  
c y c lo d e x tr in s  (-C yD ). These a re  n o n - c r y s ta l l in e  and th e  j3 - c y c lo d e x t r in  
h as  been  shown to  im prove d i s s o lu t i o n  o f  th e  d rug  (T suruoka e t  a l ,  1 981 ); 
Hegde and R hodes, 1 9 8 5 ) .  They c o n ta in  i n t e r s t i t i a l  sp aces  w hich a r e
c a p a b le  o f  t r a p p in g  m o le c u le s . The c a v i ty  s iz e s  a re  5*22. , 6.U2‘ and
0 .8.3A f o r  th e  l a r g e r  e n tra n c e  s id e s  o f  th e  & 9 p  and f  -C yD 's
r e s p e c t iv e l y .  The c a v i ty  s iz e  o f  p  -CyD seems to  be  optimum to  
e n tra p  th e  p h e n y to in  m o lecu le  and c o n se q u e n tly  p ro v id e s  th e  g r e a t e s t  
s o l u b i l i z a t i o n  e f f e c t .  The drug  h a s  been  found  to  be  p r e s e n t  in  th e  
amorphous form  and th e r e  seems to  b e  hydrogen  b o n d in g  betw een  th e  
p h e n y to in  and th e  c y c lo d e x tr in  s u g g e s tin g  com plex fo rm a tio n . However, 
b eca u se  o f  th e  l im i t e d  s o l u b i l i t y  o f  th e  JS-CyD’s ,  i t s  u s e fu ln e s s  i s  
l im i t e d .  Condensed polym ers o f  CyD's w ith  e p ic h lo ro h y d r in ,  (CyD’s -E P ) ,
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have a l s o  b een  u se d . The r a p id ly  d is s o lv in g  p-C yD .E P  com plex was 
found  t o  s i g n i f i c a n t l y  in c re a s e  p lasm a l e v e l s  o f  th e  drug  a f t e r  o r a l  
a d m in is t r a t io n  to  dogs (Uekama e t  a l ,  1985)* Yakou et_ a l  (1986) 
have r e p o r te d  enhanced  d i s s o lu t io n  r a t e s  by  c o - p r e c i p i t a t i n g  p h en y to in  
w ith  th e  b i l e  a c id ,  sodium  d eo x y ch o la te  (DC-Na). They have a ls o  
e v a lu a te d  th e  d i s s o lu t io n  c h a r a c t e r i s t i c s  and  b i o a v a i l a b i l i t y  o f  
p h e n y to in  p re p a re d  w ith  v a r io u s  co m b in a tio n s  o f  DC-Na and w a te r  
s o lu b le  polym er c a r r i e r s .  The co m b in a tio n s  u se d  w ere DC-Na w ith  
FVP, DC-Na w ith  PEG and DC-Na w ith  h y d ro x y p ro p y lc e l lu lo s e . A l l  
th e  c o - p r e c i p i t a t e s  p re p a re d  enhanced  th e  d i s s o lu t i o n  r a t e  b u t  th e  
PVP-DC-Na (1 :1 )  showed th e  f a s t e s t  r e l e a s e  r a t e .
S o l id  s u r fa c e  d is p e r s io n s  o f  a  d rug  on s u i t a b l e  c a r r i e r s  can 
a l s o  a l t e r  i t s  d i s s o lu t i o n  c h a r a c t e r i s t i c s .  T h is can b e  a c h ie v e d  
by d e p o s i t io n  o f  th e  d rug  on th e  s o l i d  c a r r i e r  from  s o lv e n ts  o r  by  
g r in d in g  w ith  c e r t a i n  m a te r i a l s .  Im proved d i s s o lu t i o n  i s  a  r e s u l t  o f  
th e  d rug  b e in g  d e p o s i te d  in  a  m ic ro n is e d  s t a t e  on th e  c a r r i e r ,  th u s  
im prov ing  th e  w e t t a b i l i t y  and e f f e c t i v e  s u r f a c e  a r e a  o f  th e  d ru g .
The u se  o f  th e  in s o lu b le  c a r r i e r ,  s i l i c o n  d io x id e ,  h as  been  d e s c r ib e d  
by G uern ten  and  Jam in e t (1 9 7 8 ) . Johan sen  and  M o e lle r (1977) 
d e p o s ite d  2# p h en y to in  on la c to s e  o r  s i l i c o n  d io x id e  by f i r s t  
d is s o lv in g  th e  drug  in  e th a n o l .  The d i s s o lu t io n  r a t e  was i n i t i a l l y  
s lo w er from  th e  l a c to s e  sy stem  b u t ,  u n lik e  s i l i c o n  d io x id e ,  c o n tin u e d  
to  c o m p le tio n . W ith s i l i c o n  d io x id e  th e  r e l e a s e  d id  n o t exceed  91$ 
o f  t h e o r e t i c a l  c o n c e n tr a t io n ,  due t o  a d s o rp t io n  o f  th e  drug on th e  
s u r fa c e  o f  th e  c a r r i e r .
L erk  et_ a l  (1979) have h y d ro p h i l is e d  th e  d rug  by g r in d in g  w ith  
m e th y lc e l lu lo s e . B i o a v a i l a b i l i t y  s tu d ie s  showed r a p id  a b s o r p t io n - f o r  
th e  t r e a t e d  d rug  in  c o n t r a s t  to  a  one hour a b s o rp t io n  la g  tim e f o r  th e
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u n t r e a te d  d ru g . By in te n s e  g r in d in g  o f  p h e n y to in  w ith  m i c r o - c r y s ta l l in e  
c e l l u l o s e ,  Yamamoto and co -w orkers (1976) have c o n v e r te d  th e  c r y s t a l l i n e  
d rug  in to  th e  amorphous s t a t e  w ith  su b seq u en t im proved i n - v i t r o  and 
in -v iv o  p e rfo rm an ce . C r y s ta l l in e  c e l l u l o s e ,  c h i t i n  and c h i to s a n  
have a l s o  been  u sed  a s  c a r r i e r s  f o r  p h e n y to in . The r e le a s e  r a t e s  
from  a  g round m ix tu re  w ith  c h i to s a n  showed f a s t e s t  d i s s o lu t i o n  fo llo w e d  
by  t h a t  w ith  c h i t i n  and  th e  l e a s t  w ith  c r y s t a l l i n e  c e l lu lo s e  (Saw ayanag i, 
Nambu and  N ag a i, 1 9 8 3 ). Enhancem ent o f  th e  d i s s o lu t i o n  r a t e  o f  
p h e n y to in  h as  a l s o  b een  a c h ie v e d  by  g r in d in g  w ith  g e l a t i n  (K igasaw a 
e t  a l ,  1 9 8 1 ).
Rosen and M acheras (198U) have u se d  th e  p r o te in s  Human Serum 
Albumin (HSA) o r .c a s e in  t o  o b ta in  an  im provem ent in  b o th  th e  r a t e  and  
e x te n t  o f  d i s s o lu t i o n .  I t  was shown t h a t  a t  pH U th e  p re se n c e  o f  
p r o te i n  in c re a s e d  th e  s o l u b i l i t y  and  a l s o  d i s s o lu t i o n  o f  d ru g . T h is  
i s  a c h ie v e d  by  th e  b in d in g  o f  p h e n y to in  t o  p r o te in  i n ' t h e  d i f f u s io n  
l a y e r  th e re b y  s o l u b i l i s i n g  th e  drug  a t  l e v e l s  h ig h e r  th a n  th o s e  
a c h ie v e d  in  th e  b u lk  medium. Enhanced t r a n s f e r  a c ro s s  th e  d i f f u s io n  
la y e r  as  a  r e s u l t  o f  th e  in c re a s e d  c o n c e n tr a t io n  g r a d ie n t  a l s o  
in f lu e n c e s  th e  d i s s o lu t io n  r a t e  o b se rv e d . A s tu d y  o f  th e  e f f e c t  
o f  p r o te in  in  e v e r te d  g u t p r e p a r a t io n s  showed t h a t  p r o te in  b in d in g  in  
th e  m ucosal s o lu t io n  cau ses  a  d e c re a se  in  a p p a re n t t r a n s f e r  r a t e  and 
may acc o u n t p a r t i a l l y  f o r  th e  in f lu e n c e  o f  fo o d  on p h en y to in  
b i o a v a i l a b i l i t y  (Rosen and M acheras, 1985)•
From th e  l i t e r a t u r e ,  th e  p re se n c e  o f  e x c ip ie n t s  ap p ea rs  to  
m odify  m ost s i g n i f i c a n t l y  th e  d i s s o lu t io n  -ra te  o f  • p h e n y to in .
S im ila r  c o n c lu s io n s  have been  o b ta in e d  from  ex p e rim en ts  by Yakou 
e t  a l  (1 9 8 1 ).
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1 .2 .3 .5  M an u fac tu rin g  c o n d it io n s
A part from  f a c to r s  such  as  d ru g  p a r t i c l e  s i z e  and th e  u s e ’ o f  
e x c ip ie n t s ,  th e  m ethod o f  p re p a r in g  th e  powders in  a  s o l i d  dosage 
form  can in f lu e n c e  th e  d rug  d i s s o lu t io n  c h a r a c t e r i s t i c s .
Yakou e t  a l  ( 1 9 8 2 ) have c o n s id e re d  th e  in f lu e n c e  o f  
m a n u fa c tu rin g  c o n d it io n s  on th e  d i s s o lu t i o n  and  b i o a v a i l a b i l i t y  o f  
p h e n y to in . The powders c o n s id e re d  w ere com m ercial p h e n y to in  c r y s t a l s ,  
f r e e z e - d r ie d  c r y s t a l s ,  powders p re p a re d  by  s im p le  b le n d in g  w ith  
e x c ip ie n ts  o r  b y  s o lv e n t  d e p o s i t io n  o f  th e  d rug  on e x c ip ie n t s .  F re e z e -  
d r ie d  powders showed h ig h e r  d i s s o lu t io n  r a t e  th a n  th e  o r i g i n a l  
com m ercial form  o f  th e  drug  when d i s s o lu t i o n  t e s t i n g  was p erfo rm ed  
in  a r t i f i c i a l  g a s t r i c  f l u i d .  A 20$ powder p r e p a r a t io n  o f  p h e n y to in  
p re p a re d  by  s o lv e n t  d e p o s i t io n  p ro d u ced  s a tu r a t e d  c o n c e n tra t io n s  o f  
p h en y to in  in  20 m in u tes  as com pared t o  more th a n  two h o u rs  f o r  th e  
com m ercial pow ders. The r a t e  was a l s o  h ig h e r  th a n  f o r  powders 
p re p a re d  by  s im p le  b le n d in g .
Kohda e t  a l  (1983a) com pared p h e n y to in  p ro d u c ts  p re p a re d  by 
a l t e r n a t i v e  w et g r a n u la t io n  p ro c e s s e s  and  found  l i t t l e  d i f f e r e n c e  
betw een f r e e z e - d r i e d  f i n e  g ra n u le s  and  o rd in a ry  f in e  g r a n u le s .  They 
co n cluded  t h a t  m a n u fa c tu r in g  c o n d i t io n s  in v o lv in g  g r a n u la t io n  
co u ld  b e  in te rc h a n g e d  w ith o u t c a u s in g  t o x i c i t y  in  p a t i e n t s .  S im ple 
m ix tu re s  o f  d ru g  w ith  e x c ip ie n t s  gave 's l i g h t l y  low er a b s o rp t io n .
T his i s  b eca u se  g r a n u la t io n  p ro v id e s  im proved c o n ta c t  o f  d rug  w ith  
e x c ip ie n t s ,  s im i la r  t o  t h a t  p roduced  d u r in g  p r e p a r a t io n  o f  d is p e r s io n s  
using- c o - s o lv e n t s .  Nozawa, M izum oto, H ig a sh id e  ( 1 9 8 5 ) com pared d i s s o lu t i o n  
r a t e s  o f  p h e n y to in  p re p a re d  e i t h e r  by  r o l l  m ix ing  w ith  PVP, 
c o - p r e c i p i t a t i o n  o r s im p le  p h y s ic a l  m ix in g . The d i s s o lu t i o n  r a t e s  o f  
th e  ro l l -m ix e d  form  w ere s u p e r io r  t o  th o s e  o f  p h y s ic a l  m ixes and th e
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c o - p r e c i p i t a t e s  a t  any PVP c o n c e n tra t io n  from  25# t o  85#* D uring  
r o l l - m ix in g ,  th e  in te n s e  g r in d in g  c o n d i t io n s  p r o g r e s s iv e ly  b re a k s  
th e  in t e r - m o le c u la r  c o v a le n t bonds u n t i l  th e  r i g i d  c r y s t a l l i n e  
s t r u c t u r e  i s  d e s tro y e d  and an amorphous m a te r i a l  i s  p ro d u ced . The 
a u th o rs  found  t h a t  mix g r in d in g  p ro c e d u re s  w ere tim e  consum ing 
f o r  p ro d u c ts  w ith  h ig h  drug  c o n te n t and  in  c o - p r e c i p i t a t i o n  i t  was 
d i f f i c u l t  to  c o m p le te ly  remove th e  r e s i d u a l  s o lv e n t w hich c o u ld  
a d v e rs e ly  in f lu e n c e  d i s s o lu t i o n .  On t h e .o t h e r  hand r o l l - m ix in g  was 
r a p id ,  s im p le  and e f f i c i e n t .
1 .2 .3 .6  Dosage form s
P h en y to in  i s  u s u a l ly  fo rm u la te d  a s  a  su sp e n s io n , c a p su le  o r  
t a b l e t .  The o r a l  s o lu t io n  i s  n o t n o rm a lly  u se d  as i t  i s  known t o  
cause  n a u s e a , v o m itin g  and  d ia r rh o e a .  M ile s , A ttw ood and Seddon 
(1976) found  th e  s u sp e n s io n  th e  m ost e f f ic a c io u s  p r e p a r a t io n  fo llo w e d  
by c a p su le s  and  t a b l e t ;  how ever- b lo o d  le v e l :  o b ta in e d  w ith  th e  
su sp e n s io n  was d i f f i c u l t  t o  m a in ta in .  In  a n o th e r  s tu d y  o f  9 
p ro d u c ts  a v a i la b l e  on th e  C anadian m a rk e t, t h e  extem poraneous 
su sp e n s io n  showed a  h ig h  b e tw e e n -s tu d y  v a r i a t i o n  (Sved  e t  a l ,  1979)* 
Neuvonen, P e n tik a in e n  and E lfv in g  (1977) a l s o  o b se rv ed  t h a t  
th e  su sp e n s io n  n o rm a lly  gave h ig h e r  d i s s o lu t i o n  r a t e s  th a n  t a b l e t s  
b u t  found t h a t  th e  p a r t i c l e  s i z e  o f  th e  drug  in  th e  su sp e n s io n  was 
im p o r ta n t .  A w e ll  fo rm u la te d  t a b l e t  may g iv e  a  h ig h e r  d i s s o lu t io n  
p r o f i l e  th a n  a  su sp e n s io n  i f  th e  p a r t i c l e  s i z e  o f  th e  l a t t e r  was 
to o  l a r g e .  They f u r t h e r  c a u t io n e d  o th e r  r e s e a r c h e r s  on th e  p r a c t i c e  
o f  u s in g  su sp e n s io n s  as r e f e r e n c e  m a te r i a l .  In  a n o th e r  s tu d y ,  th e  
AUC, C w ere found t o  b e  s i g n i f i c a n t l y  low er f o r  r a p id  r e l e a s e
jjIcLjC
c a p su le s  and f o r  s o lu t io n s  th a n  f o r  slow  r e le a s e  c a p s u le s  b u t  th e  
in c id e n c e s  o f  t o x i c i t y  and nystagm us d id  n o t d i f f e r  much. One w ould
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th in k  t h a t  t h i s  was b eca u se  th e  dosage reg im e u sed  was n o t tow ards 
th e  u p p er l i m i t  o f  th e  th e r a p e u t i c  ra n g e .  The o r a l  s o lu t io n  showed 
more f r e q u e n t  m e n ta l r e l a t e d  s id e  e f f e c t s  though  th e  a u th o rs  
su g g e s te d  t h a t  t h i s  c o u ld  b e  a  r e s u l t  o f  th e  s o lv e n t system s u sed  
(Sawchuck e t  a l ,  1 9 8 2 ).
Sm ith and  K in k e l (1976) have r e p o r te d  no d i f f e r e n c e  in  
b i o a v a i l a b i l i t y  betw een  t a b l e t s  and  c a p su le s  a lth o u g h  o th e rs  have 
n o te d  much low er b lo o d  l e v e l s  w ith  t a b l e t s  th a n  f o r  c a p s u le s .  
R e c e n tly , in  th e  U .S .A ., p h e n y to in  t o x i c i t y  was n o te d  in  a  p a t i e n t  
when t a b l e t s  w ere s u b s t i t u t e d  f o r  c a p s u le s  (K ir s h n e r ,  1 9 8 3 ). Manson 
et_ a l  (1975) a l s o  found  s im i la r  r e s u l t s  b u t  su g g e s te d  t h a t  th e  
d i f f e r e n c e  was a  r e s u l t  o f  th e  t a b l e t s  b e in g  in g e s te d  w ith o u t 
b e in g  chewed. B ielm an and Levac (1978) found  no d i f f e r e n c e  in  
b i o a v a i l a b i l i t y  w h e th e r th e  t a b l e t s  w ere chewed o r  n o t .  They 
r e fo rm u la te d  th e  t a b l e t  p ro d u c t by  c o n v e r t in g  i t  i n to  a  c a p su le  
fo rm u la tio n  and n o te d  h ig h e r  d i s s o lu t i o n  r a t e s ,  b u t  in  t h e i r  c a p su le  
dosage fo rm , th e  c ru sh e d  t a b l e t s  w ere m ixed w ith  l a c to s e  and t a l c  
b e fo re  e n c a p s u la t io n .  Two v a r i a b le s  have been  in t ro d u c e d  and i t  i s  
d i f f i c u l t  t o  d i f f e r e n t i a t e  th e  e f f e c t  o f  e n c a p s u la t io n  from  added 
e x c ip ie n t s .  B a s t ami, and Groves (1978) o b ta in e d  h ig h e r  d i s s o lu t io n  
p r o f i l e s  f o r  t a b l e t s  com pressed  from  com m ercial c a p su le  c o n te n ts  
th a n  from  c a p su le s  p re p a re d  from  ground s u g a r -c o a te d  t a b l e t s . A 
lo g  p r o b a b i l i t y  p lo t  in d ic a te d  t h a t  t a b l e t e d  c a p s u le s  had  a  s im p le  
unim odal p a t t e r n  w h i l s t  c a p su le s  made from  t a b l e t s  w ere b im o d a l.
T h is s t r o n g ly  s u g g e s te d  t h a t  th e  c h a r a c t e r i s t i c  b im odal b e h a v io u r  o f  
th e  c a p su le s  . was due t o  th e  c a p su le  s h e l l .  A b so rp tio n  o f  p h e n y to in  
from  powder was low , v a r ia b le  and  d e c re a se d  w ith  in c r e a s in g  dose as 
compared t o  t a b l e t  fo rm u la tio n s  (Kohda e t  a l ,  1 9 8 3 b ).
The i n t e r p r e t a t i o n  o f  e v id e n c e  o b ta in e d  from  th e  a v a i la b l e  
l i t e r a t u r e  i s  s l i g h t l y  co n fu s in g  a s ,  in  m ost r e p o r t s ,  l i t t l e  e f f o r t  
i s  ta k e n  t o  s ta n d a r d is e  o th e r  fo rm u la tio n  f a c t o r s  such as  p a r t i c l e  
s i z e  and e x c i p ie n t s .  I t  w ould n e v e r th e le s s  seem re a s o n a b le  t o  
conclude  t h a t  th e  d i s s o lu t io n  r a t e s  and a v a i l a b i l i t y  o f  th e  drug  w i l l  
be l e a s t  f o r  c o a te d  t a b l e t s  and th e n  in c re a s e  f o r  com pressed t a b l e t s ,  
powder f i l l e d  two p ie c e  h a rd  c a p su le s  and su sp e n s io n s  w ith  b e s t  
b i o a v a i l a b i l i t y  b e in g  shown by  s o lu t i o n s .
1 .2 .3 .7  R e la t iv e  H um idity  and ag e in g
Levy and  co -w o rk ers  (1963) have p o in te d  o u t t h a t  d rug  r e l e a s e  
s tu d ie s  p erfo rm ed  j u s t  a f t e r  th e  p r e p a r a t io n  o f  a  fo rm u la tio n  a r e  n o t 
o f  much s ig n i f i c a n c e  s in c e  r e l e a s e  p a t t e r n s  can change on s to r a g e .
This can le a d  t o  s i g n i f i c a n t  d i f f e r e n c e s  in  th e  b io l o g ic a l  
a v a i l a b i l i t y  o f  a  d rug  compound e s p e c i a l l y  in  fo rm u la tio n s  w here 
d i s s o lu t io n  i s  th e  r a t e - l i m i t i n g  s te p  in  a b s o rp t io n .
Ak,buga et_ a l  (l98U a) have s tu d ie d  th e  e f f e c t  o f  a g e in g  and 
R e la t iv e  H um id ity  (RH) on v a r io u s  com m ercial t a b l e t s  and c a p su le s  o f  
p h e n y to in  sodium  and found  t h a t  th e  r e l e a s e  r a t e s  d i f f e r e d  from  l o t  
to  l o t  a f t e r  s to r a g e .  The l o t s  w ith  h ig h e r  r e l e a s e  r a t e s  b e fo re  
s to r a g e  g e n e r a l ly  d e c re a se d  on s to r a g e  and th o se , w ith  low er r a t e s  
i n i t i a l l y ,  h ad  im proved r a t e s  a f t e r  s to r a g e .  In  a  c o n tin u in g  s tu d y , 
on e x p e r im e n ta l p h e n y to in  sodium  c a p su le s  c o n ta in in g  l a c to s e  as 
d i l u e n t , c a p s u le s  w ere s to r e d  a t  75$ o r  95$ RH f o r  8 w eeks. They 
found  t h a t  g e n e r a l ly  th e r e  was a  r e d u c t io n  i n  i n - v i t r o  r e l e a s e  a f t e r  
s to r a g e  a t  95$ HH (. AKbuga e t  a l ,  1981+b). A s im i la r  s tu d y  was 
co n d u c ted  in  A m erica w here th e  in f lu e n c e  o f  fo rm u la tio n  and s to ra g e  
on i n - v i t r o  r e l e a s e  o f  p h en y to in  sodium  c a p su le s  was s tu d ie d  a f t e r  
s to ra g e  a t  11$ and 67$ R e la t iv e  H u m id ity . The a u th o rs  found s e v e r a l  
i n t e r a c t i n g  e f f e c t s  betw een s to ra g e  c o n d it io n s  and fo rm u la tio n  f a c t o r s .
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C apsu les c o n ta in in g  l a c to s e  g e n e r a l ly  showed a  r e t a r d a t i o n  o f  
r e l e a s e  on s to ra g e  b u t  th o s e  c o n ta in in g  c a lc iu m  s u lp h a te  im proved 
(R ubino et_ a l ,  1 9 8 5 ).
N e ith e r  o f  th e s e  w orkers  e x p la in e d  th e  cau ses  o f  t h e i r  
o b s e rv a tio n s  though  p h e n y to in  sodium  i s  known to  b e  h y g ro sc o p ic  and 
a l s o  u n s ta b le  in  th e  p re se n c e  o f  ca rb o n  d io x id e  (Merck In d e x ) . Gupta 
and Gupta (1979) s tu d ie d  th e  s t a b i l i t y  o f  some o r a l  drug  p ro d u c ts  
when s to r e d  w ith  o r  w ith o u t s i l i c a  g e l  in  a  c o u n tin g  m achine and a l s o  
in  an o r i g i n a l  c o n ta in e r .  P h e n y to in  sodium c a p s u le s .s to r e d  in  th e  
m achine w ere s t a b l e  b u t  ab so rb ed  more m o is tu r e . th a n  th o s e  in  th e  
o r i g i n a l  c o n ta in e r  (6 .8 #  a s  a g a in s t  0 .3 #  w eig h t g a in ) .  S i l i c a  g e l ,  
s u r p r i s in g ly ,  d id  n o t red u ce  th e  amount o f  m o is tu re  a b so rb e d  by  th e  
c a p s u le s .  The d i s s o lu t io n  and d i s i n t e g r a t i o n  tim e s  w ere a f f e c t e d  by 
s to r a g e  in  th e  c o u n tin g  m achine b u t  no m en tion  was made o f  w h eth er 
th e  r a t e s  w ere in c r e a s e d  o r d e c re a se d .
P h en y to in  sodium  form s h ig h e r  h y d r a te s ,  th e  m o n o - , te t r a - ,  
h e p t a - ,  o c t a -  and  h en d e c a h y d ra te s  a re  form ed u nder h ig h  r e l a t i v e  
h u m id i t i e s . The t e t r a -  and h e p ta -  form s ap p ea red  to  b e  m ost s t a b l e  
u nder c o n d i t io n s  o f  h ig h  h u m id ity  w ith  a  m o is tu re  c o n te n t o f  2 0 .8  
and 31 .5#  r e s p e c t iv e l y  ( i s h ig u r o ,  K o za ta n i and S h ib a ta ,  1 9 5 8 ). A lso , 
th e  a b s o rp t io n  o f  carbon  d io x id e  by p h e n y to in  sodium  in c re a s e d  w ith  
th e  d eg ree  o f  h y d ra t io n  fo rm ing  sodium  b ic a rb o n a te  and p h e n y to in  
( is h ig u r o  e t  a l ,  1 9 5 5 ). O b v io u sly , th e  in f lu e n c e  o f  s to ra g e  and 
h u m id ity  on th e  d i s s o lu t io n  o f  p h e n y to in  sodium  c a p s u le s  w i l l  
depend on th e  s t a b i l i t y  o f  th e  d rug  and e x c ip ie n t s  and th e  i n t e r a c t i v e  
e f f e c t  o f  th e  tw o . Oppenheim and H ersey  (1977) in  an e x c e l le n t  rev iew  
have commented on th e  p h y s ic a l  and  ch em ica l changes o f  powders on 
s to r a g e .
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1 . 3 . POWDER MIXING
S o l id - s o l i d  m ix ing  o f  d ry  pow ders i s  a  p re l im in a ry  s te p  in  
th e  p r e p a r a t io n  o f  s o l i d  dosage fo rm s. The o b je c t iv e  o f  powder 
m ix ing  i s  t o  p re p a re  a  m ix w here th e  s p a t i a l  c o n f ig u r a t io n  o f  th e  
v a r io u s  p a r t i c l e s  d e te rm in e s  th e  p ro p e r ty  o f  th e  f i n a l  dosage 
fo rm . More commonly i t  i s  u n d e rta k e n  t o  o b ta in  m u tu a l d i s t r i b u t i o n  
o f  c o n s t i tu e n t  in g r e d ie n ts  such  t h a t  each  u n i t  dose p ro v id e s  th e  
p a t i e n t  w ith  th e  same q u a n t i ty  o f  a c t iv e  in g r e d i e n t .
The m ix ing  p ro c e s se s , o f  p a r t i c u l a t e  sy stem s d i f f e r  from  th o s e  i n  l i q u i d  
o r  gas system s in  t h r e e  main r e s p e c t s .  S o lid s  form  a  m e ch an ic a l 
netw ork  as  a  r e s u l t  o f  i n t e r - p a r t i c u l a t e  fo r c e s  and  do n o t have 
i n t r i n s i c  m o b i l i ty  l i k e  g a se s  o r  l i q u i d s .  T h e re fo re  energy  m ust b e  
im p a rte d  t o  a t t a i n  p a r t i c u l a t e  m o tio n . A l s o ,p a r t i c l e s  have s iz e s  
s e v e r a l  o rd e rs  o f  ■ m agn itude • l a r g e r  th a n  th e  m o le c u la r  s iz e s  o f  l i q u id s  o r  g ase s  
and  a s  a  r e s u l t  th e  l e v e l  o f  hom ogeneity  a t t a i n a b l e  i s  l i m i t e d .
F in a l ly ,  p a r t i c u l a t e  s o l id s  do n o t .have th e  c o n s ta n t  p r o p e r t i e s  o f  
m o le c u la r  s p e c ie s  and  can d i f f e r  w id e ly  in  t h e i r  p h y s ic a l  c h a r a c t e r i s t i c s .  
T h e re fo re ,  a  m ix ing  mechanism  w hich depends on i d e n t i c a l  p h y s ic a l  
p r o p e r t i e s  i s  u n l ik e ly  t o  a c h ie v e  i t s  i d e a l  o b je c t iv e .
When en e rg y  i s  im p a rte d  t o  a  powder b ed  c o n ta in in g  two powders 
t o  be  m ixed , th e  powder b ed  expands o r  d i l a t e s  to  accommodate p a r t i c l e  
movement. In  g e n e ra l  th e  more d i l a t e d  a  powder b e d  th e  more e a s i l y  
r e l a t i v e  p a r t i c l e  m otion  can o c c u r . I d e a l ly  th e  m otion  o f  p a r t i c l e s  
w ith in  a  m ixer m ust b e  random , th r e e -d im e n s io n a l  and  th e r e  sh o u ld  
be no movement o f  g roups w ith in  w hich no r e l a t i v e  m otion  o c c u r s .
In  p r a c t i c e ,  m ix ing  o f  s o l id s  o ccu rs  by  a  v a r i e t y  o f  m echanism s: 
s h e a r ,  c o n v e c tiv e  o r  d i f f u s iv e  m ix in g . In  any g iv e n  a p p a ra tu s  one 
o r  more o f  th e s e  may p red o m in a te . C onvective  m ixing  o ccu rs  by  th e  
d i s t r i b u t i o n  o f  p a r t i c l e s  o v e r f r e s h ly  exposed  s u r f a c e s ,  d i f f u s iv e  by
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th e  t r a n s f e r  o f  groups o f  a d ja c e n t  p a r t i c l e s  from  one lo c a t io n  to .  
a n o th e r  and s h e a r  m ix ing  when s l i p  p la n e s  a r e  form ed w ith in  th e  
powder m ass, c a u s in g  b u lk  rea rra n g e m e n t o f  d i f f e r e n t  s e c t io n s .
1 .3 .1  M ixing th e o r i e s
Two m ain th e o r i e s  have been  p ro p o sed  t o  e x p la in  s c i e n t i f i c a l l y  
th e  fo rm a tio n  o f  powder m ixes: th o s e  form ed by  ra n d o m isa tio n  and th o s e
form ed by m echanism s o th e r  th a n  ra n d o m is a tio n . In  th e  second  c a te g o ry  
a re  th o s e  m ixes form ed by  o rd e r in g  and  o th e r  non-random  m echanism s.
In  p r a c t i c e  th e s e  tw o d iv i s io n s  a re  n o t so  c l e a r  c u t and th e r e  e x i s t -  
betw een  th e  two e x tre m e s , m ixes w hich owe t h e i r  hom ogeneity  t o  a  
co m b in a tio n  o f  th e  tw o. These in c lu d e  p a r t i a l l y - o r d e r e d  random m ixes 
and t o t a l  m ixes ( S t a n i f o r t h ,  1 9 8 0 ) . The f i n a l  s t r u c t u r e  o f  a  powder 
mix i s  in f lu e n c e d  l a r g e l y  by  th e  e x te n t  o f  i n t e r a c t i o n  betw een  th e  p a r t i c l e s .  
T h is  i n t e r a c t i o n  may in  tu r n  b e  a f f e c t e d  b y  p h y s ic a l  p r o p e r t i e s  such a s  
p a r t i c l e  s i z e ,  s iz e  d i s t r i b u t i o n ,  d e n s i ty ,  b u lk  d e n s i ty ,  s h a p e ,s u r fa c e  
ro u g h n e ss , a g g lo m e ra tio n  te n d e n c ie s ,  f lo w  c h a r a c t e r i s t i c s ,  m o is tu re  
and l a t t i c e  d e f e c t s .
S ta n i f o r th  (1982a) h as  p r e s e n te d  a  rev iew  on th e  p ro c e s s in g  o f  
p h a rm a c e u tic a l powders c o n ta in in g  132 r e f e r e n c e s ,  w ith  em phasis on th e  
th e o r i e s  o f. pow der m ix ing  and powder s e g r e g a t io n .
1 .3 .1 .1  Random m ix ing  th e o ry
Random m ix ing  o f  powders h as  been  d e s c r ib e d  a s  t h a t  o p e ra t io n  
in  w hich m otion  i s  im p a rte d  to  p a r t i c l e s  t o  cause  them  t o  assume 
a rran g em en ts  such  t h a t  as m ix ing  p ro c e e d s , th e  fre q u e n c y  d i s t r i b u t i o n  
o f  sam ple co m p o sitio n s  becomes in c r e a s in g ly  narrow  and  app roaches 
th e  b in o m ia l d i s t r i b u t i o n  a t  e q u i l ib r iu m  (Weidenbaum and B o n i l la ,  1 9 55 ).
The in d iv id u a l  powder com ponents s t a r t  from  a  system  o f  o rd e r  and
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m ixing  c o n tin u e s  u n t i l  a  s t a t e  o f  random ness i s  re a c h e d  w here th e  
p r o b a b i l i t y  o f  f in d in g  a  p a r t i c l e  o f  any component i s  th e  same f o r  
a l l  p o i n t s ’ in  th e  m ix tu re . The- d eg ree  o f  m ixedness w ith in  th e  mix 
can b e  d e s c r ib e d  by  any s t a t i s t i c a l  p a ra m e te r  w hich ta k e s  in to  
acco u n t th e  sp re a d  in  d i s t r i b u t i o n  o f  sam ples ta k e n .  N orm ally , an 
in v e rs e  f u n c t io n  o f  th e  v a r ia n c e  o r  th e  s ta n d a rd  d e v ia t io n  i s  u se d .
Lacey (19^3) d e r iv e d  an eq uation - f o r  a  c o m p le te ly  random b in a ry  
mix c o n s i s t in g  o f  p a r t i c l e s  d i s t in g u is h a b le  from  each  o th e r  b y  c o lo u r  
o n ly ,  e .g .  b la c k  and w h ite  p a r t i c l e s .  See F ig .  1 .6 .
o f  component powders and  n ,  th e  t o t a l  number o f  p a r t i c l e s  in  each 
sam ple. In  a c t u a l  p r a c t i c e ,  p a r t i c u l a t e  system s r a r e l y  have i d e n t i c a l  
p h y s ic a l  p r o p e r t i e s  and th e  e q u a tio n  was ex ten d ed  t o  a cc o u n t f o r  
d i f f e r e n c e s  in  s i z e ,  shape and d e n s i ty  o f  component p a r t i c l e s  (S ta n g e ,
s ta n d a rd  d e v ia t io n  o f  th e  p a r t i c l e  w e ig h ts  o f  th e  mix com ponents and
To c a l c u la te  w, s ,  th e  r e s p e c t iv e  s i z e  d i s t r i b u t i o n  o f  each powder 
must b e  known. Poo le et^ a l  (196U) s im p l i f i e d  th e  e q u a tio n  to :
o* 2r = x .y /n E q u a tio n  1 .8
195J+).
CyCw(l+s2/w2)) + x(w (l+s2/w2)) 1 x y
E q u a tio n  1 .9
w(W , W ) ,  th e  mean p a r t i c l e  w e ig h t o f  each  in g r e d i e n t .  L a te r  S tange x y
( 1 9 6 3 ) ex ten d ed  h i s  e q u a t io n  t o  a cc o u n t f o r  m u lti-co m p o n en t m ix tu re s .
° - 2 r  =  x . y /
M E q u a tio n  1 .1 0
y (£ fw )x  + x (£ fw )y
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w here ^  i s  th e  w e ig h t o f  each  s iz e  f r a c t i o n j f .
T ra in  (19&C) f i r s t  a p p l ie d  E q u a tio n  .1 .9  t o  p h a rm a c e u tic a l 
m ix tu r e s .  He p o in te d  t o  th e  d i f f i c u l t i e s  e n c o u n te re d  w ith  m ix tu re s  
c o n ta in in g  sm a ll q u a n t i t i e s  o f  a c t iv e  in g r e d ie n t  and  a t  th e  same tim e  
em p h asised  th e  im p o rta n c e  o f  c o n t r o l l i n g  p a r t i c l e  s i z e  in  o b ta in in g  
a  homogeneous m ix tu re .  Johnson  (1972) showed t h a t  th e  m o d if ie d  
e q u a t io n  o f  P oole e t  a l  c o u ld  b e  s im p l i f i e d  f o r  m ixes c o n ta in in g  
l e s s  th a n  1# o f  d ru g  w ith o u t l o s s  o f  a c c u ra c y .
w here x V
and  x + y = 1 ,  x (S fw )y  «  y (£ fw )x
o
th e n  a  = x/M fef'w) E q u a tio n  1 .1 1K X
VThere t h e  drug  c o n te n t  was betw een  1 and 10# th e  e q u a t io n  a p p ro x im a te s  
t o :
2
0-2- = XiZ. • ( £ f w) E a u a tio n  1 .1 2
•* . M X
In d e p e n d e n tly  B u s lik  (1950) d e r iv e d  an e q u a t io n  f o r  th e  v a r ia n c e
o f  a  m u l t i - s i z e d  m ix tu re .
P ( l - P  )W P (W-W )0 a  a  a  L a  a  „  , -2 _   +   E q u a tio n  1 .1 3
R M M
w here W i s  th e  a v e ra g e  p a r t i c l e  w e ig h t o f  a  s in g le  s i z e  f r a c t i o n  o f  &
p r o p o r t io n  P , W^the av e ra g e  p a r t i c l e  w e ig h t o f  th e  w hole m ix tu re  a
w here W = P V + P, W, + ..........................  E q u a tio n  l . l Ua a d b
H arnby ( 1 9 6 7 ) com pared th e  E q u a tio n s  1 .9  and 1 .1 3  o f  S ta n g e  and  
B u s l ik  and  found them  to  be  i d e n t i c a l .  The f i r s t  te rm  in -E q u a tio n  1 .1 3  
i s  e q u iv a le n t  t o  L a c e y 's  e q u a t io n  when a l l  th e  p a r t i c l e s  have a  
c o n s ta n t  mass and  th e  seco n d  te rm  i s  th e  v a r ia n c e  in c r e a s e  due t o  th e
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v a r i a b le  s i z e  o f  th e  second  com ponent. T h is  v a r ia n c e  w ould be 
d e c re a se d  b y  k e e p in g  th e  s iz e  o f  one component sm a ll and  a l s o  by  
k eep in g  th e  p a r t i c l e  s iz e  o f  th e  second  component a s  c lo s e  as 
p o s s ib le  to  t h a t  o f  th e  f i r s t  in g r e d i e n t .
K r is te n s e n  (1973) d ev e lo p ed  an e q u a t io n  by  assum ing  t h a t  th e  
sam ples c o n ta in e d  a  c o n s ta n t  volume o f  s o l i d .  Where t h e  p a r t i c l e  
d e n s i ty  o f  th e  two com ponents w ere e q u a l ,  th e  e q u a tio n  was i d e n t i c a l  
t o  t h a t  o f  P o o le , T ay lo r  and W all (196U ).
k
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w here p , i s  th e  mean p a r t i c l e  d e n s i ty  o f  th e  m ix tu re  o f  com ponents 
x  and y .
In  p r a c t i c e  w here o^ i s  sm a ll r e p r e s e n t in g  l e s s  th a n  2% o f
th e  m ean, t h e  s ta n d a rd  d e v ia t io n s  due to  th e  sam pling , cn , a n a l y t i c a lb
p ro c e d u re s ,  cr^> and p u r i t y  o f  sam ple,O ' p ,c a n n o t b e  ig n o re d . Thus
th e  lo w e s t s ta n d a rd  d e v ia t io n  O" , t h a t  can b e  a c h ie v e d  f o r  even  . th eiL
i d e a l i s e d  sy stem  o f  Lacey (19^+3) w ould b e :
O' = cr .+ c r A + o " _ + c r  E q u a tio n  l : l 6
K A o  r '
1 .3 .1 * 2  Non-random m ix ing  th e o ry
The random th e o ry  o f  m ix ing  d e s c r ib e s  a  t h e o r e t i c a l  powder mix 
w here th e  p h y s ic a l  p r o p e r t i e s  o f  th e  com ponents allow.^ f o r  com plete  
random m ix in g . In  a c tu a l  p r a c t i c e  t h i s  f i n a l  e q u i l ib r iu m  s t a t e  i s  
n e v e r re a c h e d  due t o  in co m p le te  m ix ing  and  s e g re g a t io n .  W illiam s (1970) 
c a l l e d  t h i s  p ro c e s s  non-random . The f i n a l  s t r u c t u r e  o f  such  a  powder 
mix h as  an o v e r a l l  u n ifo rm ity  b u t  n o t o f  in d iv id u a l  p a r t i c l e s  a s  
d e s c r ib e d  by  Lacey and i s  r e p r e s e n te d  by  F ig . 1 .7*  The p r o b a b i l i t y ,
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P , o f  f in d in g  a  p a r t i c l e  o f  a  g iv e n . com ponent, x ,  a t  any p o in t  in  
x
such  a  m ix tu re  i s  a  fu n c tio n , o f  th e  p o s i t i o n  a t  w hich th e  sam ple i s .
2ta k e n .  The v a r ia n c e  <T i s  g iv en  b y :NR
< r r a = 1 j [ ( P - px ) 2 + px / n ^1_PX^  ** E q u a tio n  1 . IT
%. and dx , r e l a t e s  to  th e  p o s i t i o n  o f  th e  sam ple from  a  r e f e r e n c e  
p o in t .  When th e  p r o b a b i l i t y  i s  c o n s ta n t  as  in  a  random  m ix tu re ,  
and i s  e q u a l t o  th e  p ro p o r t io n  o f  one in g r e d i e n t ,  th e  e q u a tio n  
d e r iv e d  i s  e q u iv a le n t  t o  L a c e y 's :
2 P (1 ’ P)cr = --------- E q u a tio n  1 .1 8NR n
K r is te n s e n  (1973) u sed  th e  c o r r e l a t i o n  c o e f f i c i e n t ,  r ,  t o  
d e s c r ib e  th e  s t a t e  o f  m ixedness w here r  i s  one when th e  sy stem  i s  
unm ixed and z e ro  when a  c o m p le te ly  random s t a t e  i s  re a c h e d . In  a
non-random  m ix tu re  th e  v a r ia n c e  i s  g iv e n  by :
2 2 
P P a  n  +  r C r  n
cr = r *°r o + — __________ -  E q u a tio n  1 .1 9
ne
2 . . .w here o’ , i s  th e  v a r ia n c e  o f  an unm ixed m ix tu re  and n , th e  o e
e f f e c t iv e  p a r t i c l e  number in  th e  sam ple o f  mean w eig h t W, and e f f e c t iv e  
p a r t i c l e  w e ig h t, g iv e n  b y :
= W/We E q u a tio n  1 .2 0
In  th e  two ty p e s  o f  th e o r i e s  d e s c r ib e d ,  random and  non-random , 
th e  m ix tu re s  form ed do n o t i n t e r a c t  p h y s ic a l ly  w ith  each  o th e r  and 
th e  m ix tu re  i s  made up o f  in d iv id u a l  p a r t i c l e  u n i t s .
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F ig .  1 .6  I d e a l  random m ix tu re  o f  e q u a l  p ro p o r t io n s  o f  b la c k  
and w h ite  p a r t i c l e s
F i g . 1 . 7  Randomised m ix tu re  o f  e q u a l  p ro p o r t io n s  o f  b la c k  
and w h ite  p a r t i c l e s
-  1+0 -
1 .3 .1 .3  O rdered  m ix ing
U n t i l  r e c e n t ly  th e  o n ly  a c c e p ta b le  th e o ry  o f  powder m ixing  was 
b a se d  on th e  s t a t i s t i c a l  ra n d o m isa tio n  o f  n o n -c o h e s iv e  powders as 
d e s c r ib e d  b y  L acey. However, i t  h ad  b een  re c o g n is e d  in  th e  l i t e r a t u r e  
t h a t  one s e t  o f  p a r t i c l e s ,  u s u a l ly  f i n e s ,  may ad h e re  on a n o th e r  s e t  
in f lu e n c in g  b o th  th e  m ix ing  b e h a v io u r  (T ra v e rs  and W hite , 1971) 
and flow  o f  th e  pow ders (Jo n es  and  P i l p e l ,  1 9 6 5 ). H ersey  (1975) 
f i r s t  in tro d u c e d  th e  concep t o f  o rd e r  in  m ix ing  to  e x p la in  l o g i c a l l y  
th e  m ix ing  o f  sm a ll c o h es iv e  p a r t i c l e s  t o  o b ta in  a  c o n s id e ra b le  
d eg ree  o f  hom ogeneity . He r e p r e s e n te d  th e  o rd e r in g  d ia g ra m a t ic a l ly  
as shown in  F ig .  1 .8 ,  b u t  p o in te d  o u t t h a t  o rd e re d  m ix tu re s  w ere 
more l i k e l y  to  o ccu r w here th e r e  w ere few er ’’b la c k ” p a r t i c l e s  and 
many sm a ll "w h ite "  p a r t i c l e s .  He e x p la in e d  t h a t  p a r t i c l e s  l e s s  
th a n  lOO^nm in  d ia m e te r  h ad  s u r f a c e  fo r c e s  o u tw e ig h in g  g r a v i t a t i o n a l  
and i n e r t i a l  fo rc e s  w hich d e te rm in e d  th e  p a r t i c l e  movement. As su ch , 
th e s e  p a r t i c l e s  w ere c o h es iv e  and  m ix ing  o f  f in e s  w ith  c o a rse  
p a r t i c l e s  w ould le a d  t o  s e g re g a t io n  u n le s s  o th e r  i n t e r a c t i n g  fo rc e s  
w ere p r e s e n t  t o  hom ogenise th e  m ix . In  o rd e re d  m ix in g , p a r t i c l e s  
i n t e r - a c t  th ro u g h  any form  o f  a d h e s io n  fo rm ing  o rd e re d  u n i t s .  The 
o rd e re d  u n i t  i s  d e f in e d  as th e  s m a l le s t  p a r t  o f  th e  m ix tu re  t h a t  
c o n s t i t u t e s  th e  o rd e re d  mix (H erse y , 1 9 7 7 ). H ersey  (1977) a l s o  
reco g n ise d - t h a t  o rd e re d  u n i t s  may b e  form ed m e c h a n ic a lly  o r  by  c o a t in g  
o f  f in e s  on a  c a r r i e r  d u r in g  s o lv e n t  d e p o s i t io n .
The h ig h  d eg ree  o f  hom ogeneity  o b ta in e d  in  o rd e re d  m ixes i s  
a t t r i b u t e d  t o  a d h e s io n  o f  f in e s  to  s u r fa c e  a s p e r i t i e s ,  i r r e g u l a r i t i e s  
and a l s o  t o  l a t t i c e  d e f e c ts  (H ersey , 1 9 8 0 ). S p e c i f ic  exam ples o f  
th e s e  have b een  r e p o r te d  in  th e  l i t e r a t u r e  (C rooks and Ho, 1976; 
H u tte n ra u ch  and  K e in e r , 1979; S t a n i f o r t h ,  1 9 8 0 ) .  Assuming th a t
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p a r t i c l e s  a r e  s p h e r i c a l ,  i t  i s  p o s s ib le  t o  c a l c u la te  s t e r e o m e t r i c a l ly  
th e  number o f  f in e s  -which can ad h ere  t o  th e  s u r fa c e  o f  a  c o a rse  
c a r r i e r  p a r t i c l e  as  a  m ono layer. T h is  number i s  o n ly  o f  t h e o r e t i c a l  
i n t e r e s t  as n o t a l l  th e  s i t e s  on a  p a r t i c l e  a r e  b in d in g  s i t e s  and 
s u i t a b l e  f o r  a d h e re n c e . The e q u a tio n  may b e  g iv e n  a s :
d ia m e te r ;  d , th e  f in e  p a r t i c l e  d ia m e te r  and f  , th e  f r a c t i o n  o f  th e  
s u r f a c e  co v ered  b y  f i n e s .  From th e  e q u a tio n  th e  number o f  b in d in g  
s i t e s  may b e  in c re a s e d  by  in c r e a s in g  th e  r a t i o  o f  D t o  d t h a t  i s ,  by  
an in c re a s e  in  c a r r i e r  s i z e  and d e c re a se  in  f i n e  p a r t i c l e  s i z e .
1 . 3 . l A  T o ta l  m ix ing
O rdered  m ixes a re  form ed when p a r t i c l e s  i n t e r a c t  u n l ik e  in  
random m ix es , where th e s e  fo rc e s  a re  n o n - e x is t e n t .  In  p r a c t i c e ,  i t  
i s  n o t p o s s ib le  t o  c a r r y  m ix ing  t o  th e  i d e a l  s t a t e  in  w hich th e r e  i s  
an i d e n t i c a l  number o f  f in e s  on a l l  c o a rs e  c a r r i e r s ,  though  i t  h as  
been  r e c o g n is e d  t h a t  th e  p roblem  o f  s e g re g a t io n  may b e  overcome by  
c l a s s i f y i n g  p a r t i c l e  s iz e s  to  narrow  l i m i t s  (Y ip and H ersey , 1 9 7 7 a )• 
As mosb c a r r i e r s  u se d  w i l l  have u n eq u a l s iz e d  p a r t i c l e s ,  p seudo­
random m ixes may b e  form ed w here an u n eq u a l number o f  f in e s  ad h ere  
on th e  c a r r i e r  s u r fa c e s  (Egerm ann, 1 9 8 0 ). H ersey, T h ie l  and Yeung 
(1 9 7 9 ) have a l s o  d e s c r ib e d  th e  p a r t i a l l y - o r d e r e d  random ised  s i t u a t i o n  
w here th e r e  w ere ag g lo m era tes  o f  one s e t  o f  p a r t i c l e s  m ixed random ly 
w ith  pseudo-random  u n i t s .
S ta n i f o r th  (1980) re c o g n is e d  t h a t  th e  two ty p e s  o f  m ix es , 
o rd e re d  and random , e x i s t e d  a t  two o p p o s ite  ends o f  th e  s c a le  b u t  
t h a t  r e a l  m ixes c o n ta in e d  any co m b in a tio n s  o f  th e  two m ixing
.o 2 Tr(D+d)2 . fN E q u a tio n  1 .2 1
when N °, i s  th e  number o f  b in d in g  s i t e s ;  D, th e  c o a rse  c a r r i e r
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F ig .  1 . 9  Schem atic r e p r e s e n t a t i o n  o f  t o t a l  mixes b a se d  on r e l a t i v e  
in f lu e n c e s  o f  g r a v i t a t i o n a l  and s u r f a c e  f o r c e s  in  a g iven  
s e t  o f  p a r t i c l e s  and on th e  homogeneity o f  th e  mix . 
( S t a n i f o r t h ,  1982b)
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mechanisms and d e s c r ib e d  such a  mix' a s  a  t o t a l  m ix. T his w ould 
in c lu d e  th e  pseudo-random  m ixes and p a r t i a l l y  o rd e re d  random mixes 
d e s c r ib e d  above. The dom in a tio n  o f  a  p a r t i c u l a r  s p a t i a l  arrangem ent 
in  a  powder s t r u c t u r e  co u ld  b e  p r e d ic te d  by  th e  r e l a t i v e  in f lu e n c e  
o f  s u r f a c e  and  e l e c t r i c a l  fo rc e s  ( F ig .  1 .9)* Where s u r fa c e  fo rc e s  
p re d o m in a te , o rd e r in g  mechanisms may o ccu r w h i l s t  random mechanisms 
w ould b e  form ed when g r a v i t a t i o n a l  f o r c e s  p red o m in a te . The e x te n t  
t o  w hich ra n d o m isa tio n  o r  o rd e r in g  may o ccu r w ould a l s o  depend on 
th e  c o n d i t io n s  o f  th e  m ix ing  o p e r a t io n .  Thus th e  t o t a l  s t r u c t u r e  o f  
a  r e a l  p h a rm a c e u tic a l mix w ould c o n ta in  a l l  th e  ty p e s  o f  mixes 
d e s c r ib e d  and t h i s  w ould d e te rm in e  th e  hom ogeneity  w ith in  th e  m ix.
1 .3 .2  I n t e r p a r t i c l e  bond ing  fo rc e s
. The ty p e s  o f  f o r c e s  w hich may e x i s t  betw een  two p a r t i c l e s  
have b een  i d e n t i f i e d  a s :  London-van d e r  W aals, e l e c t r o s t a t i c ,
m a g n e tic , chem ical*  m ech an ica l fo rc e s  and s o l id  b r id g e s .  These 
fo rc e s  do n o t n o rm a lly  work a lo n e  b u t  u s u a l ly  a  com b in a tio n  o f  fo rc e s  
e x i s t s . A lso  m ost p a r t i c l e s  w i l l  have  m o is tu re  p r e s e n t  on t h e i r  
s u r f a c e s ,  u n d er norm al en v iro n m e n ta l c o n d i t io n s ,  w hich w i l l  m odify 
f u r t h e r  th e  fo r c e s  a lre a d y  p r e s e n t .  Some o f  th e s e  fo rc e s  have been  
q u a n t i f ie d  in  c e r t a in  c a s e s .
O rdered  m ix ing  in  th e  p h a rm a c e u tic a l in d u s t r y  r e q u i r e s  
p a r t i c l e - p a r t i c l e  i n t e r a c t io n s  th ro u g h  a d h e s iv e  fo r c e s  a n d , th e r e f o r e ,  
i t  i s  u n l ik e ly  t h a t  a l l  o f  th e s e  fo r c e s  o c c u r . As p o in te d  o u t by  
Krupp ( 1 9 6 7 ) ,  th e  s u r f a c e s  o f  m ost p a r t i c l e s  a re  o r d in a r i l y  c h em ica lly  
s a tu r a t e d  so  t h a t  chem ica l bond fo rm a tio n  a c ro s s  th e  in t e r f a c e  i s  
h ig h ly  im p ro b ab le . C e r ta in  powders may show m agnetic  p r o p e r t i e s  and 
s tro n g  a t t r a c t i o n s 5 w hich decay slow ly , can e x i s t  betw een  such p a r t i c l e s .  
P h a rm a c e u tic a l powders a r e ,  how ever, b a s i c a l l y  d iam ag n e tic  and m agnetic  
fo rc e s  w ould n o t b e  l i k e l y  to  le a d  t o  o rd e r in g  w ith in  th e  powder m ix.
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M echanical fo rc e s  a r i s e  as a. r e s u l t  o f  f r i c t i o n  and in t e r lo c k in g  
o f  p r o je c t io n s  on p a r t i c l e  s u r f a c e s ;  when m ix ing  f in e s  and c o a rse  
c a r r i e r s ,  a s p e r i t i e s  and c a v i t i e s  on th e  c a r r i e r  s u r fa c e  may a c t  as 
s i t e s  to  lo c k  f in e  p a r t i c l e s  in  p o s i t i o n .  By th e m se lv es  m e ch an ic a l 
fo r c e s  do n o t cause  i n t e r p a r t i c u l a t e  b o n d in g  b u t  r e a c t  t o  p a r t i c l e  
movement. S t a n i f o r th  ( 1 9 8 0 ) has p re p a re d  h ig h ly  m acroporous la c to s e  
and shown t h a t  th e s e  p a r t i c l e s ,  as w e ll  as Emdex p a r t i c l e s ,  form ed 
s t a b l e  m ixes w hich d id  n o t s e g re g a te  a t  h ig h  a c c e le r a t io n s  and  low 
f r e q u e n c ie s .  M echan ical in te r a c t io n s  a re  th e r e f o r e  m ost u s e f u l  when 
th e  s t a b i l i t y  o f  a  powder mix i s  u n d er i n v e s t ig a t io n .
A nother ty p e  o f  b r id g in g  th a t  can o ccu r betw een p a r t i c l e s  i s  
s o l i d  b r id g in g .  They may o ccu r d u r in g  c r y s t a l l i z a t i o n ,  s i n t e r i n g  
o r  a s p e r i t y  m e lt in g ,  d i s s o lu t io n  and  a l lo y in g .  In  th e  p h a rm a c e u tic a l 
f i e l d  s o l i d  b r id g e s  o r  m e ch an ic a l l i n k s  may* o ccu r d u rin g  th e  
s to ra g e  o r  d ry in g  o f  pow ders, when c r y s t a l l i n e  b r id g e s  may fo rm .
A lso  c ru sh in g  and b ond ing  o f  s o l i d  p a r t i c l e s  may o ccu r due t o  b r i t t l e  
f r a c t u r e  and p l a s t i c  d e fo rm a tio n  in  d ry  com paction p ro c e s s e s .  D uring 
wet g ra n u la tio n ,m e c h a n ic a l  l i n k s  a re  a l s o  form ed betw een  powder 
p a r t i c l e s .  However, i t  i s  u n l ik e ly  t h a t  m ech an ica l l i n k s  may le a d  
t o  o rd e r in g  d u rin g  powder m ix in g . As a  r e s u l t ,  th e  main fo r c e s  o f  
i n t e r e s t  in  p h a rm a c e u tic a l o rd e re d  m ix ing  a r e : -
1 . London-van d e r  Waals fo rc e s
2 . E l e c t r o s t a t i c  fo rc e s
3. M o is tu re  b ond ing
1 .3 .2 .1  London -  van d e r  W aals fo rc e s
The fo r c e s  betw een two s o l id s  due to  d is p e r s io n  o r  London -  
van d e r Waals f o r c e s  a r i s e  from  th e  e l e c t r i c  m otion  o f  atoms on th e
-  1*6 -
s u r fa c e  and from  atoms in  th e  i n t e r i o r  o f  th e  s o l id .  They may be 
e x p la in e d  as  fo l lo w s , an atom , has b eca u se  o f  th e  m otion  o f  e le c t r o n s  
an in s ta n ta n e o u s  d ip o le  moment, th e  tim e  average  o f  w hich i s  z e ro . 
These d ip o le s  g e n e ra te  an e l e c t r i c a l  f i e l d  w hich in d u ces  in  a  • 
n e ig h b o u rin g  atom  a d ip o le  moment. Die i n t e r a c t i o n  betw een  two 
d ip o le s  g iv e s  r i s e  t o  an in s ta n ta n e o u s  a t t r a c t i v e  fo r c e  betw een two 
n e u t r a l  atom s whose tim e  av e rag e  i s  f i n i t e .
T here a re  two ap p ro ach es f o r  c a l c u la t in g  th e  d is p e r s io n  fo rc e  
betw een tw o s o l i d  s u r f a c e s .  The f i r s t ,  t h e  m ic ro sc o p ic  approach  was 
u sed  by  Hamaker (1937) vho added  th e  i n t e r a c t i o n s ' betw een  
a l l  p a i r s  o f  atom s to  c a l c u la te  th e  van d e r  Waals p o t e n t i a l  f o r  a 
s o l i d  bo d y . T h is  approach  h as  b een  m o d if ie d  by C la y f ie ld  e t  a l  
(1971) t o  ta k e  in t o  accoun t th e  " r e t a r d a t io n  e f f e c t "  n o te d  when 
p a r t i c l e s  a re  s e p a ra te d  by  d is ta n c e s  g r e a t e r  th a n  50nm. A lthough  
Hamaker1 s t r e a tm e n t  i s  o f  g r e a t  v a lu e ,  th e  approach  h as  threes-, 
main d e fe c ts  (T a b o r , 1 9 8 2 ). A more
s a t i s f a c t o r y  m ethod has been  u sed  by  L i f s c h i t z  who t r e a t e d  each  
body as  a  continuum  and  e x p re s se d  th e  i n t e r a c t i o n  in  te rm s  o f  th e  
d i e l e c t i c  p r o p e r t i e s  o f  th e  two b o d ie s .  I h i s  m ethod i s  known as th e  
continuum  o r  n a c ro s c o p ic  approach  and  i s  p a r t i c u l a r l y  u s e f u l  when 
b o d ie s  a re  s e p a ra te d  by  a medium o th e r  th a n  a i r .
Both app roaches a re  m is le a d in g  when th e  s e p a r a t io n s  a re  l e s s  
th a n  0.2nm and  in  p a r t i c u l a r  in  c a se s  o f  a tom ic c o n ta c t  w here 
i n t e r a c t i v e  e n e rg ie s  may b e  o f  th e  o rd e r  o f  ab o u t tw ic e  th e  c a lc u la te d  
d is p e r s iv e  en e rg y  (T a b o r , 1 9 8 2 ). However, depend ing  on th e  g eo m etric  
model u se d , i . e . . p l a n e /p la n e , s p h e re /p la n e  o r  s p h e r e / s p h e r e , and th e  
t h e o r e t i c a l  app roach  ta k e n ,  d i f f e r e n t  r e l a t i o n s h i p s  e x i s t  f o r  th e  
ap p ro x im a tio n  o f  a d h e s io n  by  London-van d er Waals f o r c e s .  These have 
been  c r i t i c a l l y  com pared by Krupp ( 1 9 6 7 ) .
-  b'j -
B a s ic a l ly ,  a l l  th e  e q u a t io n s ' d i f f e r  m a in ly  in  th e  c o n s ta n ts  
g e n e ra te d  h u t  th e  a d h e s iv e  fo r c e ,F ^  , i s  alw ays p r o p o r t io n a l  t o  th e  
p a r t i c l e  d ia m e te r , !  and in v e r s e ly  p r o p o r t io n a l  t o  th e  sq u a re  o f  th e  
d i s ta n c e ,  a .  The e q u a tio n s  may he  s im p l i f i e d  t o :
d
F = k .  —  E q u a tio n  1 .2 2
V a
w here k, i s  a - c o n s ta n t  in h e re n t  in  th e  s o l i d  m a te r ia l  (S h in o h a ra ,
198U).
London-van d e r Waals fo rc e s  a c t  ov er s h o r t  d is ta n c e s  o f
- 3  . •ahou t 10 m. A d d itio n  o f  th e  fo r c e  i s  r e q u i r e d  f o r  m u l t i - p o in t
c o n ta c t  and th e r e f o r e  s u r fa c e  ro u g h n ess  m ust he  ta k e n  in t o  acco u n t 
in  n o n - id e a l  sp h e re s  o r  p a r t i c l e s . They a re  weak fo rc e s  h u t  th e  
e f f e c t  in c r e a s e s  a s  th e  p a r t i c l e  s i z e  d e c re a se s  and  th e y  a re  th e  
m ajo r f o r c e s  a f f e c t i n g  th e  b e h a v io u r  o f  p a r t i c l e s  l e s s  th a n  10pm.
These fo rc e s  have h een  m easured  f o r  a  number o f  p a r t i c u l a t e  s o l i d s .
In  th e  p h a rm a c e u tic a l f i e l d ,  S t a n i f o r th  e t  a l  (1981) have m easured 
th e  a d h e s io n a l  fo rc e  betw een  o rd e re d  u n i t s  o f  s a l i c y l i c  a c id  and 
o th e r  e x c ip ie n t  c a r r i e r s . They co n c lu d ed  t h a t  th e  van d e r Waals 
fo rc e s  c o n t r ib u te d  m o s tly  t o  th e  fo rc e  o f  a d h es io n  betw een  th e  
p a r t i c l e s .
1 .3 .2 .2  E l e c t r o s t a t i c  fo rc e s
Powder p a r t i c l e s  may a c q u ire  e l e c t r i c  charge  on t h e i r  s u r f a c e  
by i o n - p a r t i c l e  im p a c t, p a r t i c l e - p a r t i c l e  c o l l i s i o n  o r  f r a c t u r e  o f  
p a r t i c l e s  w here c o v a le n t  and io n ic  bonds may b e  b ro k e n . The f i r s t  
two p ro c e s s e s  may b e  in d u ced  as in  d i f f u s io n  o r f i e l d  c h a rg in g  b u t 
more commonly th e y  occur d u r in g  c o n ta c t  c h a rg in g . In  o p e ra t io n s  
such as t r a n s p o r t  o f  powders th ro u g h  p ip e s ,  s to ra g e  and m ixing
-  U8 -
powders become e l e c t r i c a l l y  ch a rg e d  by  c o n ta c t  where e l e c t r o n s  a re  
t r a n s f e r r e d  when d i s s im i l a r  m a te r ia ls  to u c h  each  o th e r .  T h is  h as  
been  th o ro u g h ly  d is c u s s e d  by  H arp er (1967) B a ile y  (198U ).
F or p h a rm a c e u tic a l pow ders*w hich a re  b a s i c a l l y  i n s u l a t o r s ,  p a r t i c l e s  
have a  h ig h  r e s i s t i v i t y  and th e r e  i s  no flow  o f  e l e c t r o n s  from  
b u lk  m a te r i a l .  T h e re fo re ,  t h e  p re s e n c e  o f  im p u r i t ie s  o r  d i s lo c a t io n s  
a c t  as a  so u rc e  o f . ch arg e  t r a n s f e r .  When c h a rg in g  o c c u rs ,  th e  ch arg e  
i s  r e d i s t r i b u t e d  over th e  s u r f a c e  o f  p a r t i c l e s .  F or s p h e re s ,  th e  
f i n a l  e q u i l ib r iu m  ch arg e  d e n s i ty  i s  u n ifo rm  b u t  f o r  n o n - s p h e r ic a l  
p a r t i c l e s  a  h ig h e r  th a n  av e ra g e  ch a rg e  o ccu rs  in  re g io n s  o f  h ig h e r  
th a n  av e ra g e  c u r v a tu r e s . The ch arg e  i s  a l s o  b e l ie v e d  t o  e x te n d  
d i f f u s e ly  i n t o  th e  body f o r  abou t 1pm. A lso , th e  maximum f i e l d  
a t t a i n a b l e  depends on f a c to r s  such a s  p a r t i c l e  s i z e  and  en v iro n m e n ta l 
c o n d i t io n s .
The e x is te n c e  o f  s u r fa c e  ch arg e  g iv e s , r i s e  t o  an e l e c t r o s t a t i c  
f i e l d  w hich decays in v e r s e ly  w ith  th e  sq u a re  o f  th e  d is ta n c e  from  th e  
s u r f a c e  and th e r e f o r e  c o n ta c t  i s  n o t e s s e n t i a l  f o r  b o n d in g , and 
e l e c t r o s t a t i c  f o r c e s  may b e  e f f e c t i v e  over m acroscop ic  d i s t a n c e s .  A 
p o in t  ch arg e  w i l l  in d u ce  an i d e n t i c a l  b u t  o p p o s ite  f o r c e  on a n o th e r  
n e u t r a l  body and th e  f o r c e ,  F ^ , betw een  th e s e  two p o in t  ch a rg e s  q ^ , q^ 
can b e  c a lc u la te d  from  Coulombs Law. Where a  number o f  ch a rg e s  a re  
d i s t r i b u t e d  u n ifo rm ly  o r  n e a r ly  u n ifo rm ly  on a  p a r t i c l e  s u r f a c e 9th e  
e l e c t r o s t a t i c  fo rc e  e x p e r ie n c e d  may b e  g iv e n  by :
Fq = ^1^2 , oc E q u a tio n  1 .2 3
UttE E a2 o r
w here E . i s  th e  in f lu e n c e  c o n s ta n t ,  o
E ^ t h e  d i e l e c t r i c  c o n s ta n t ,
<*^the w e ig h ted  e f f e c t  from  a l l  th e  p o in t  ch a rg e s  and 
a   ^ th e  d is ta n c e  o f  s e p a r a t io n  o f  th e  p o in t  c h a rg e s .
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I d e n t i c a l  ch a rg e s  on p a r t i c l e s  w i l l  .produce r e p u ls io n  w h i l s t  o p p o s ite  
ch a rg e s  p roduce a t t r a c t i o n .  In  th e  e q u a tio n  g iv en  ab o v e , i t  i s  
assum ed t h a t  th e  p a r t i c l e  d ia m e te r  i s  sm a ll as com pared t o  th e  
d is ta n c e  o f  s e p a r a t io n .  F or m acro sco p ic  b o d ie s ,  th e  e q u a tio n  m ust 
be m o d if ie d  t o  acco u n t f o r  p a r t i c l e  geom etry  (K rupp, 1967 ) .
Charged p a r t i c l e s  have a l t e r e d  powder flo w  p r o p e r t i e s  due t o  
s t i c k i n g  o f  powders to  each  o th e r  and t o  th e  s u r fa c e  o f  th e  s u b s t r a t e  
( S t a n i f o r t h ,  1 9 8 1 ). Gold and Palerm o ( 1 9 6 5 ) re c o rd e d  a  n e g a t iv e  
ch arg e  f o r  c r y s t a l l i n e  acetom inophen flo w in g  down a  hopper w hich  was 
re d u c e d  by  th e  a d d i t io n  o f  e x c ip ie n ts  such a s ’ d ic a lc iu m  p h o sp h a te  
d ih y d r a te ,  m a n n ito l ,  s p ra y  d r ie d  l a c to s e  and m ost s i g n i f i c a n t l y  by  
2% magnesium s t e a r a t e  and t a l c .  They e x p la in e d  th e  e f f e c t  in  te rm s  
o f  th e  a n t i s t a t i c  p ro p e r ty  o f  t a l c  and magnesium s t e a r a t e .  I t  i s  
i n t e r e s t i n g  t h a t  th e  work o f  S t a n i f o r th  and Rees (1982) a l s o  showed 
p o s i t i v e  ch a rg e s  f o r  magnesium s t e a r a t e  when c o n ta c te d  w ith  g la s s  o r  
p o ly e th y le n e  s u r f a c e s . T h is p o s i t i v e  charge  i s  b e l ie v e d  t o  form  
s t r o n g  e l e c t r o s t a t i c  bonds w ith  n e g a t iv e ly  c h a rg e d  c a r r i e r s , fo rm ing  
o rd e re d  u n i t s .  I t  h as  b een  n o t ic e d  ( S t a n i f o r t h  and R ees, 1981; 1 9 8 2 ) 
t h a t  o rd e re d  m ixes form ed betw een  powders w ith  l ik e - c h a r g e s  a r e  l e s s  
s t a b l e  th a n  th o s e  c o n ta in in g  o p p o s ite -c h a rg e d  p a r t i c l e s .  These 
a u th o rs  have f u r t h e r  o p tim is e d  t h e  o b s e rv a tio n  by  u s in g  t r i b o -  
e l e c t r i f i c a t i o n  o r  c o n ta c t  c h a rg in g  w ith  ru b b in g , t o  g iv e  optimum 
o p p o s ite  ch a rg es  on e x c ip ie n t  and  drug  p a r t i c l e s . The p ro c e d u re  
f a c i l i t a t e d  o rd e re d  m ix ing  and a l s o  im proved th e  s t a b i l i t y  o f  th e  powder 
m ix. The te c h n iq u e  i s  p a r t i c u l a r l y  u s e f u l  f o r  th e  fo rm a tio n  o f  o rd e re d  
mixes w ith  sm o o th -fac ed  c a r r i e r  e x c ip ie n t s  such a s  D ipac . A ls o , in  
c a se s  w here a  p o ro u s  c a r r i e r  has become s a tu r a t e d ,  w ith  f in e  p a r t i c l e s  
a t  e x c e ss  c o n c e n t r a t io n s ,  e l e c t r o s t a t i c  c h a rg in g  can be u sed  t o  
red u ce  s e g re g a t io n  te n d e n c ie s  ( S t a n i f o r t h ,  1985a ) .
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1 . 3 .2 .3  F orce  due to  p re se n c e  o f  m o is tu re
As a  r e s u l t  o f  van d e r Waals fo rc e s ,  p a r t i c l e s  may ad so rb  
m o lecu le s  from  th e  en v iro n m en t. Commonly w a te r  m o lecu les  a re  
ad so rb e d  and th e  volume a d so rb e d  depends on th e  p r e s s u r e ,  te m p e ra tu re ,  
r e l a t i v e  h u m id ity  o f  th e  env ironm ent and a l s o  th e  n a tu re  o f  th e  s o l i d .  
M o is tu re  may b e  p r e s e n t  e i t h e r  as ad so rb e d  vapour i f  th e  
h u m id ity  i s  above a  c r i t i c a l  v a lu e ,  o r  as l i q u i d  b r id g e s  a t  h ig h e r  
h u m id it ie s  ;
Coelho and H arnby (1978) have worked o u t th e  a t t r a c t i v e  
f o r c e ,  f , ’ e x p e r ie n c e d  betw een  two u n -e q u a l s iz e d  sp h e re s  due to  
ad so rb ed  l a y e r  b o n d in g  u s in g  as u n i t  f o r c e  th e  w e ig h t o f  th e  s m a lle r  
p a r t i c l e ,
3 x  10^( 6 -y /2 )  m
f  = ----------------5-------  • ------------  E q u a tio n  1.2U
7 R ^ m + 1
where cf , i s  th e  th ic k n e s s  o f  t h e  ad so rb e d  f i lm  on two s p h e r ic a l  
. . . . .  0 
p a r t i c l e s  th e  d is ta n c e  o f  s e p a r a t io n ,  y ,  m easured in  A ; m, th e
r a t i o  o f  th e  r a d i i  o f  th e  s p h e r ic a l  p a r t i c l e s  R^ and R^, w here R^ i s
much l a r g e r  th a n  R^; 7 » th e  s p e c i f i c  g r a v i ty  o f  th e  l i q u i d
3a d s o rb a te  in  g/cm  , m and  f  a re  d im e n s io n le ss  v a lu e s .  The b o n d in g  i s  
cau sed  by  o v e r la p p in g  o f  th e  a d so rb e d  la y e r s  o f  n e ig h b o u rin g  p a r t i c l e s  
and i t s  s t r e n g th  i s  p r o p o r t io n a l  t o  th e  c o n ta c t  a r e a  an d  s t r e n g th  o f  
th e  f i lm .
When a  l i q u i d  b r id g e  o f  low v i s c o s i t y  form s betw een  two
p a r t i c l e s ,  a  f o r c e ,  F-_, a c t s  betw een  th e  two s o l i d  com ponents c o n s is t in g
o f  th e  s u r f a c e  te n s io n  f o r c e ,  F_ , and  f o r c e ,  F , due t o  d i f f e r e n c e  inR p
p re s s u re  o u ts id e  and in s id e  th e  b r id g e .
= Fr + F^ E q u a tio n  1 .2 5
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■Whilst th e  s u r f a c e  te n s io n  fo rc e  alw ays le a d s  t o  a t t r a c t i o n  th e  
c a p i l l a r y  p r e s s u re  o n ly  c o n t r ib u te s  t o  a t t r a c t i o n  when a  p r e s s u r e  
d e f ic ie n c y  e x i s t s  w ith in  th e  b r id g e .  F o r sp h e re s  o f  e q u a l s i z e ,  
th e  fo r c e  o f  a d h e s io n  due t o  a  l i q u i d  b r id g e  i s  g iv e n  by :
F = C d .f , .( o < ,  ©, a  ) E q u a tio n  1 .2 6
l s  i
Where 01 * i s  th e  s u r f a c e  te n s io n  o f  th e  l i q u id /g a s  i n t e r f a c e ;  d , 
l g
p a r t i c l e  d ia m e te rs  and f { d  , 9 , a ) i s  a  fu n c t io n  o f  o<-, th e  b r id g e
d
a n g le ;  9 ,  t h e  c o n ta c t  a n g le  and a ,  t h e  d is ta n c e  o f  s e p a r a t io n  (S c h u b e r t,-  
198U ). D epending on th e  geom etry  o f  t h e  a d ja c e n t  p a r t i c l e s ,  f o r  
exam ple sp h e re s  o f  d i f f e r e n t  s i z e s ,  cones and  sp h e re s (w h ic h  i s  supposed  
t o  r e p r e s e n t  a  r e g u la r  ro u g h - p a r t i c l e  on th e  s u r f a c e  o f  sp h e re  w here 
th e  c o n ic a l  p r o je c t io n  o c c u rs  a t  th e  p o in t  o f  c o n ta c t  ) E q u a tio n  1 .2 6  
may be  m o d if ie d  a c c o rd in g ly .
In  a  low h u m id ity  en v iro n m en t, e l e c t r o s t a t i c  o r  van d e r  W aals 
fo rc e s  may dom inate b u t  a t  e le v a te d  h u m id it ie s  m o is tu re  b o n d in g  may 
p red o m in a te . U n like  e l e c t r o s t a t i c ,  van d e r  W aals, m agnetic  o r  ch em ica l 
f o r c e s , fo rc e s  due t o  m o is tu re  b o n d in g  o ccu r w here th e r e  i s  a l re a d y  
c o n ta c t  betw een  p a r t i c l e s  b ro u g h t ab o u t by o th e r  m echanism s. Coelho 
and H am by (1978) have d is c u s s e d  f u r t h e r  th e  v a r i a t i o n  o f  i n t e r -  
p a r t i c u l a t e  fo rc e s  w ith  h u m id ity .
The p re se n c e  o f  m o is tu re  i s  known t o  in f lu e n c e  th e  m ix ing  o f  
p a r t i c u l a t e  s o l id s  and c o u ld  g iv e  w id e ly  v a ry in g  r e s u l t s  (A bouzeid  
and F u rs te n a u , 1972; K a rra  and F u rs te n a u , 1977)* S tephenson  a n d '
T h ie l  (1980a) p re p a re d  o rd e re d  m ix tu re s  from  powders c o n d i t io n e d  a t  0 ,
55 and Qk% EH and n o t ic e d  t h a t  th e  r a t e  o f  fo rm a tio n  o f  an o rd e re d  
mix was in d e p en d en t o f  th e  r e l a t i v e  h u m id ity . In  a  com parison  o f  th e
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s t a b i l i t y  o f  o rd e re d  p o ly d is p e r s e d  su c ro s e  and m ic ro f in e  s a l i c y l i c  
a c id  p re p a re d  a t  d i f f e r e n t  r e l a t i v e  h u m id i t i e s ,  i t  was shown t h a t  
m ix ing  a t  0 and  Qk% EH gave more s t a b l e  m ix tu re s  th a n  a t  55$ EH 
( T h ie l  and  S tap h e n so n , 1 9 8 2 ) . The s t a b i l i t y  a t  0% was a t t r i b u t e d  
t o  e l e c t r o s t a t i c  c h a rg in g  and  a t  Qk% to  l i q u i d  b r id g in g .  S t a n i f o r th  
(1985b) in  a  s im i l a r  ex p erim en t n o te d  t h a t  o rd e re d  u n i t s  o f  p y r id o x in e  
and  f r u c to s e  c o n d it io n e d  a t  55$ EH w ere more s t a b l e  th a n  th o s e  
c o n d i t io n e d  a t  0% EH. He co n c lu d ed  t h a t  th e  m o is tu re  p re s e n t  
c o n t r ib u te d  t o  th e  sp o n tan eo u s g r a n u la t io n  o f  d rug  and  e x c ip ie n t  
p a r t i c l e s  th ro u g h  th e  fo rm a tio n  o f  ex tre m e ly  s t a b l e  o rd e re d  u n i t s .
1 .3 .3  Methods f o r  i d e n t i f y i n g  th e  fo rm a tio n  o f  o rd e re d  u n i t s  in
powder m ixes
In  c e r t a i n  m ix ing  o p e ra t io n s  i t  may b e  d e s i r a b l e  to  form 
o rd e re d  m ixes to  im prove th e  hom ogeneity  o r  p h y s ic a l  c h a r a c t e r i s t i c s  
o f  a  dosage form . For such  a  case  th e  fo rm u la to r  sh o u ld  be  a b le  t o  
re c o g n is e  th e  fo rm a tio n  o f  o rd e re d  m ixes and i f  p o s s i b l e ,  t o  q u a n t ify  
th e  e x te n t  to  w hich such  a  mix has o c c u rre d .
The fo llo w in g  methods may b e  u s e d , o f  w hich te c h n iq u e s  1 -5  
have b een  d is c u s s e d  b y  S ta n i f o r th  (1 9 8 2 c):
1 . S t a t i s t i c a l  m ethod
2 . M ixing-end p o in t  d e te rm in a tio n  m ethod
3. S iev e  m ethod
k.  A d h esio n a l fo rc e  m easurem ent m ethod
5 . S cann ing  E le c t ro n  M icroscopy w ith  X -ray  a n a ly s i s
6 . UV f lu o re s c e n c e  m icroscopy
7 . Perm eam etry m ethod
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1 . 3 .3 .1  S t a t i s t i c a l  m ethod
In  o rd e re d  m ix in g , s e g re g a t io n  can  b e  a v o id e d  by  th e  use o f  
m onod isperse  c a r r i e r  p a r t i c l e s  (C rooks and  Ho, 1976; Yip and  H ersey , 
1977a; Thanom kiat e t  a l ,  1 9 7 9 ); such  a  mix may app roach  an  id e a l  
s t a t e  w here th e  s ta n d a rd  d e v ia t io n  i s  zero  when sam pled a t  a  s i z e  
l a r g e r  th a n  a  s in g le  o rd e re d  u n i t  (Y ip and H ersey , 1 9 7 7 b ). The 
m easured  s ta n d a rd  d e v ia t io n  f o r  a  p e r f e c t  o rd e re d  mix i s  t h e r e f o r e  
in d e p en d en t o f  sam ple s iz e  above t h i s  l i m i t i n g  v a lu e .
2d  = 0 E q u a tio n  1 .2 7OM
In  c o n t r a s t ,  random m ix tu re s  have v a r ia n c e s  dependen t on th e  
p ro p o r t io n s  o f  p a r t i c l e s  p r e s e n t  in  th e  mix and  from  Lacey*s 
e q u a t io n ,  show a  g ra d u a l  r e d u c t io n  in  v a r i a t i o n  as th e  sam ple s i z e  
i s  in c r e a s e d .
In  p r a c t i c e ,  r e a l  p e r f e c t l y  o rd e re d  m ixes have f i n i t e  v a r ia n c e
due t o  a d d i t iv e  e x p e r im e n ta l and s t a t i s t i c a l  e r r o r s .  The m easured
2v a r ia n c e  f o r  a  p e r f e c t l y  o rd e re d  m ix,*? ^  , can b e  g iv e n  b y :
= E q u a tio n  1 .2 8OM A S P u
2 2 2 w here o' . ,  d and d a re  th e  v a r ia n c e s  due to  a n a l y t i c a l
A  D  A
and sam p lin g  e r r o r s  and  v a r i a t i o n  in  p u r i t y  o f  su b s ta n c e s  u sed  
r e s p e c t iv e l y .  A number o f  w orkers have u se d  th e  f a c t  t h a t  sam ple 
v a r ia n c e  o f  a  p e r f e c t  o rd e re d  mix i s  in d e p e n d e n t o f  sam ple s iz e  t o  
d i s t i n g u i s h  th e  fo rm a tio n  o f  o rd e re d  m ixes from  random m ixes.
(Y ip and H ersey , 1977b; Rees and S t a n i f o r th ,  1978; Yeung and  H e rse y , 
1979; S tephenson  and T h ie i ,  1 9 8 0 a .)  However, d u rin g  o rd e re d  m ix in g , 
th e  mix n e v e r  re a c h e s  th e  i d e a l  s t a t e  and fu r th e rm o re , an u n s ta b le  mix
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i s  l i k e l y  t o  be  p rone t o  s e g re g a t io n  d u rin g  sam p lin g ; th e s e  e f f e c t s
in t ro d u c e  a  f u r t h e r  e r r o r  so t h a t  th e  v a r ia n c e  o f  such  a  mix in c lu d e s
th e  added v a r ia n c e  * d  ...M
0 2OM = tf2 M + + rf2S + rf2 p E q u a tio n  1 .2 9
O rr (1979) c a lc u la te d  th e  v a r ia n c e  due t o  e x p e r im e n ta l e r r o r s  and
p o in te d  o u t t h a t  e x p e r im e n ta l e r r o r s  may b e  la r g e  ap p ro ac h in g  th e
m agn itude o f  th e  c a l c u la te d  v a r ia n c e  an d  th u s  in f lu e n c e s  th e
r e l a t i o n s h ip  o f  sam ple s i z e  w ith  m easured  v a r ia n c e .  F u rth e rm o re ,
L ai and  H ersey  (1981) found  t h a t  th e  t h e o r e t i c a l  r e l a t i o n s h i p  was
v a l i d  o n ly  f o r  m onosize c a r r i e r  p a r t i c l e s * b u t  i n v a l id  f o r  a l l  o th e r
2ty p e s  o f  m ixes,- ’ ' T h e re fo re  in  a  random  m ix w here d I\
i s  s m a l l ,  and  ap p roaches th e  m agnitude o f  e x p e r im e n ta l e r r o r ,  any g a in  
in  hom ogeneity  th ro u g h  th e  fo rm a tio n  o f  an o rd e re d  mix w i l l  b e  masked 
by  e x p e r im e n ta l e r r o r s .  As a  r e s u l t  though  th e  v a r ia n c e  -  sam ple 
s i z e  r e l a t i o n s h ip  i s  t h e o r e t i c a l l y  c o r r e c t ,  i t  can n o t b e  a p p l ie d  in  
m ost c a se s  and a n o th e r  m ethod m ust be u sed  t o  co n firm  th e  fo rm a tio n  
o f  o rd e re d  m ix es .
1 .3 .3 .2  M ix ing-end  p o in t  d e te rm in a tio n  m ethod
The random m ix ing  o f  s o l id s  r e q u i r e s  th e  d i l a t i o n  o f  powder b ed  
t o  a llo w  f o r  f r e e  p a r t i c l e  movement w i th in  th e  powder m ix. Where 
f in e s  and c o a rse  c a r r i e r s  a r e  t o  be  m ixed , th e  v o id s  c r e a te d  by th e  
p a c k in g  o f  th e  c a r r i e r s  may be l a r g e ,  c o n se q u e n tly  o rd e re d  m ixing  o f  
f in e s  and  c o a rse  p a r t i c l e s  sh o u ld  b e  l e s s  dependent on b ed  d i l a t i o n .
I t  sh o u ld  t h e r e f o r e  b e  p o s s ib le  t o  d i f f e r e n t i a t e  random  m ix ing  from  
o rd e re d  m ix ing  on t h i s  b a s i s .
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The tim e  o f  com plete  m ix ing  o f  any number o f  com ponents, t ' , 
h as  b een  r e l a t e d  to  th e  tim e  o f  com plete  m ix in g , t ,  when th e  m ix ing  
v e s s e l  i s  o n l y 'h a l f - f i l l e d  w ith  powder (H arvey , 1979)
t /  = Z. t  E q u a tio n  1 .3 0
s
w here v , i s  th e  b u lk  volum e o f  th e  powder and s , t h e  u t i l i s a b l e  f r e e  
sp ace  i n  th e  m ixer and  v  s .  S ta n i f o r th  (1982c) h a s  t e s t e d  t h i s  _ 
r e l a t i o n s h i p  e x p e r im e n ta l ly  u s in g  o rd e re d  and random m ixes a t  50 and 
75# f i l l  volum e. The p r e d ic te d  r e l a t i o n s h i p  be tw een  m ix ing  tim e  and 
f i l l  volume was n o t fo u n d  in  th e  random sy stem . F o r th e  o rd e re d  
sy s te m , m ix ing  was com plete  w i th in  6 m in u tes  a t  50# f i l l  volume 
w hereas f o r  th e  75# f i l l  volum e, th e  sam ple v a r ia n c e  n e v e r re a c h e d  
th e  a c c e p ta b le  l e v e l  o f  hom ogeneity . T his was b e c a u se  by  in c r e a s in g  
th e  f i l l  volum e, th e  s p a t i a l  le n g th  and d u ra t io n  o f  each  p a r t i c l e  
movement was re d u c e d .
Powder m ix ing  m echanisms a p p e a r t o  b e  more c o m p lic a te d  th a n  t h a t  
assum ed by  th e  above e q u a t io n .  .The ty p e  and s t r e n g th  o f  i n t e r p a r t i c l e  
a t t r a c t i v e  fo rc e  a l s o  in f lu e n c e  th e  m ix ing  t im e . As a  r e s u l t ,  
m ix in g -en d  p o in t  d e te rm in a tio n  m ethod can n o t b e  u sed  to  i d e n t i f y  th e  
fo rm a tio n  o f  o rd e re d  u n i t s  in  a  powder m ix.
1 .3 * 3 .3  S iev e  method
In  t h i s  m ethod f o r  d e te rm in in g  th e  fo rm a tio n  o f  o rd e re d  m ix e s , 
th e  powder mix i s  p la c e d  on a  s ie v e  c a p a b le  o f  s e p a r a t in g  th e  f in e  
powder f r a c t i o n  from  c o a rse  c a r r i e r  p a r t i c l e s ,  and s e p a r a t io n  i s  
e f f e c t e d  by sh ak in g  e i t h e r  m a n u a lly , m e c h a n ic a lly  o r  by  u s in g  an a i r - j e t  
s i f t e r .  'Where a  p e r f e c t l y  s t a b l e  o rd e re d  mix Has been  form ed no
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f in e s  sh o u ld  be c o l l e c t e d  b u t  i n  random m ix es , v i r t u a l l y  a l l  th e  
sm a ll  p a r t i c l e s  sh o u ld  p a s s  th ro u g h  th e  s ie v e  and b e  c o l l e c t e d .  In  
betw een  th e s e  two e x tre m e s , when p a r t i a l l y  o rd e re d  random mixes a re  
fo rm ed , a  p ro p o r t io n  o f  th e  f in e s  can b e  c o l l e c t e d .  T h e re fo re , th e  
q u a n t i ty  o f  f in e s  c o l l e c t e d  sh o u ld  in d i c a te  th e  deg ree  o f  o rd e r in g  
o r  i n t e r a c t i o n  w ith in  th e  m ix.
The m ethod i s  s im p le  and has  b een  w id e ly  u sed  in  th e  l i t e r a t u r e  
(T ra v e r s ,  1975; L ai and H ersey , 1981; Soebagyo and S te w a r t ,  1 9 8 5 ). 
However, i t  has th e  d isa d v a n ta g e  t h a t  th e  a p p l ie d  s e p a r a t io n  fo rc e  i s  
n o t d e f in e d  and  i n t e r p a r t i c l e  a d h e s io n a l  fo rc e s  may v a ry  w ith in  and 
betw een  o rd e re d  m ix e s . O rdered  m ixes may a l s o  ap p e a r t o  be  random 
when in  f a c t  a  p a r t i a l l y  o rd e re d  random mix o r  a  p a r t i c u l a r l y  u n s ta b le  
o rd e re d  m ix has been  fo rm ed . Problem s o f  s ie v in g  such  as c lo g g in g  o f  
p o r e s ,  c o h e s io n  o f  pow ders and c h a rg in g  o f  th e  m a te r ia l  may red u ce  
th e  e f f i c i e n c y  o f  th e  s ie v in g  p ro c e s s ,  th u s  c a u s in g  random m ixes t o  
ap p e a r  as o rd e re d .
1 .3 .3 . ^  A d h esio n a l fo rc e  m easurem ent m ethod
A d h esio n a l fo rc e s  betw een  p a r t i c l e s  can be  m easured by  
a p p ly in g  fo rc e  t o  e f f e c t  s e p a r a t io n .  The m ethods w hich may be u se d  
in c lu d e  g r a v i t y ,  c e n t r i f u g a t io n ,  a n d 1 v i b r a t i o n . . S t a n i f o r th
and co -w orkers  (1981) have u sed  th e  u l t r a c e n t r i f u g e  te c h n iq u e  to  
d e te rm in e  th e  m agnitude o f  fo rc e  in  o rd e re d  p h a rm a c e u tic a l m ix es .
In  t h i s  te c h n iq u e  o rd e re d  u n i t s  were h e ld  b e h in d  a  s c r e e n ,  c a p a b le  
o f  s e p a r a t in g  f in e s  from  c o a rse  c a r r i e r  p a r t i c l e ,  in  a  s p e c i a l l y  
c o n s tr u c te d  u l t r a c e n t r i f u g e  r o to r  tu b e  i n s e r t .  The tu b e  was r o t a t e d
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by  u l t r a c e n t r i f u g a t i o n  and when th e  fo rc e s  g e n e ra te d  became g r e a t e r  
th a n  i n t e r p a r t i c l e  f o r c e s ,  th e  o rd e re d  u n i t  b ro k e  down a llo w in g  th e  
s c re e n  t o  s e p a ra te  th e  p a r t i c l e s .  The f in e s  c o l l e c t e d  can th e n  be  
m easu red  by  any s u i t a b l e  m ethod. A d h es io n a l fo rc e  p r o f i l e s  were 
p l o t t e d  w hich r e l a t e  t h e  a d h e s io n a l  fo rc e  t o  th e  cu m u la tiv e  
p e rc e n ta g e  o f  d rug  a d h e r in g  on th e  c a r r i e r  s u r f a c e .
Two ty p e s  o f  p r o f i l e s  w ere i d e n t i f i e d .  In  p e r f e c t l y  o rd e re d  
m ix es , a  s im p le  a sy m p to tic  cu rve  was drawn w hich was e x p la in e d  as th e  
g ra d u a l  b re a k  down o f  o rd e re d  u n i t s  as th e  c e n t r i f u g a l  f o r c e  was 
in c re a s e d .  The seco n d  ty p e  o f  p r o f i l e  showed two d i s t i n c t  cu rv es  
l in k e d  by  a  la g  p e r io d .  T h is  was in d i c a t i v e  o f  p a r t i a l l y  o rd e re d  
m ixes w here th e  w eakly  bound a d h e re n t p a r t i c l e s  a re  f i r s t  rem oved 
fo llo w e d  more s lo w ly  by  th e  more s t r o n g ly  ad h e re d  p a r t i c l e s .  By 
s e t t i n g  a  l i m i t  o f  p e rc e n t a d h e r in g  a t  an a p p l ie d  fo r c e  f o r  a  
p e r f e c t l y  o rd e re d  m ix , pow der m ixes o f  s im i la r  fo rm u la tio n s  can b e  
com pared ( S t a n i f o r t h ,  R ees , L ai and H ersey , 1 9 8 2 ). The d is a d v a n ta g e  
o f  t h i s  sy stem  i s  t h a t  w here c o a rse  p a r t i c l e s  w ith  a  w ide ra n g e  o f  
p a r t i c l e  s iz e s  a re  u s e d , a  la r g e  v a r i a t i o n  i n  th e  m easured  a d h e s io n a l  
fo rc e s  may be  n o t i c e d . . A lso  th e r e  i s  th e  added  d i f f i c u l t y  o f  
h a n d lin g  o rd e re d  u n i t s  and c o l l e c t i n g  a  s u i t a b l e  q u a n t i ty  o f  a d h e re n t 
w hich can  b e  a c c u r a te ly  a n a ly se d .
1 .3 .3 .5  S canning  E le c tro n  M icroscopy com bined w ith  X -ray  a n a ly s i s
The i n t e r a c t i o n  betw een  e le c t r o n s  o f  s u i t a b l e  en e rg y  and  a  
s o l i d  s u b s t r a t e  may cause  th e  s o l i d  t o  em it X -rays c o n s i s t i n g  o f  
backg ro u n d  X -rays to g e th e r  w ith  c h a r a c t e r i s t i c  superim p o sed  p eaks  a t  
d i s c r e t e  e n e r g ie s .  The e n e rg y  o f  w av e len g th  o f  th e s e  c h a r a c t e r i s t i c  
X -rays i s  s p e c i f i c  f o r  each  e lem en t and v a r ie s  w ith  a to m ic  num ber.
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T h e re fo re  a  p a r t i c l e  c o n ta in in g  a  p a r t i c u l a r  e lem en t can  h e  i d e n t i f i e d  
b y  th e  e m itte d  X -rays ( S c o t t ,  1 9 8 3 ).
By u s in g  S cann ing  E le c t ro n  M icroscopy (SEM) to  o b ta in  
pho tom icro g rap h s o f  th e  s u r f a c e  o f  an o rd e re d  u n i t  and com paring 
w ith  th e  X -ray image shown as  a  s e r i e s  o f  d o ts ,  a d h e re n t p a r t i c l e s  
in  an  o rd e re d  u n i t  can b e  i d e n t i f i e d .  Crooks and  Ho (1976) have 
u sed  t h i s  te c h n iq u e  t o  i d e n t i f y  a d h e re n t su lp h a p h e n a z o le  p a r t i c l e s  
on C elu tab  o r  D ipac c a r r i e r s  b y  p ic k in g  o u t th e  m a jo r s u lp h u r  p eak . 
They co u n ted  th e  number o f  d ru g  p a r t i c l e s  a d h e r in g  on c a r r i e r  s u r f a c e  
b y  c o u n tin g  d o t a re a s  b u t  th e s e  a re a s  were o b v io u s ly  u n c le a r  and i t  
i s  known t h a t  s u r f a c e  ro u g h n ess  may cause  v a r i a t i o n  in  X -ray  e m is s io n s  
(Cox, 1 9 8 3 ). Rees and  S t a n i f o r th  (1979) a l s o  i d e n t i f i e d  p o ta ss iu m  
s o rb a te  p a r t i c l e s  by  p o ta s s iu m  io n  e m iss io n s  and  showed t h a t  th e  
po ro u s p a r t i c l e s  o f  E lceina 250 were, a b le  t o  t r a p  p o ta s s iu m  s o r b a te ' 
p a r t i c l e s  in  p o re s  and  i r r e g u l a r i t i e s  on th e  c a r r i e r  s u r f a c e .  In  
c o n t r a s t ,  t h e  sm oother- D ipac p a r t i c l e s  c o u ld  c a r r y  o n ly  v e ry  few d rug  
p a r t i c l e s .
A lthough th e  m ethod h a s  been  re c o g n is e d  as h a v in g  p o t e n t i a l  
f o r  q u a n t i t a t i v e  a n a ly s i s  i t  h as  been  u sed  o n ly  q u a l i t a t i v e l y  so  f a r .  
P in ty e -H o d i e t  a l  (1981) a t te m p te d  t o  q u a n t i fy  th e  f i lm  fo rm a tio n  o f  
magnesium s t e a r a t e  by  en e rg y  d is p e r s iv e  a n a ly s i s  b u t  w ere u n ab le  
t o  d e te c t  l u b r i c a n t  l e v e l s  in  th e  u s e f u l  c o n c e n tr a t io n  ran g e  o f  
l e s s  th a n  1$ . The te c h n iq u e  i s  a l s o  l i m i t e d  b y ‘th e  f a c t  t h a t  th e  
low er end o f  d e te c t io n  i s  IkeV , so t h a t  e lem en ts  l i g h t e r  th a n  sodium  
e .g .  C, N, 0 can n o t b e  e a s i l y  d e te c te d .
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1 .3 .3 .6  UV f lu o re s c e n c e  m icroscopy
R e c e n tly  UV f lu o re s c e n c e  m icroscopy  h a s  been  u sed  t o  i d e n t i f y  
o rd e re d  u n i t s ;  th e  m ethod i s  v e ry  s im i la r  in  some r e s p e c t s  to  SEM 
com bined w ith  X -ray a n a ly s i s  ( S ta n i f o r t h  and  Iv e so n , 1 9 86).
For t h i s  p u rp o se , p a r t i c l e s  m ust f lu o r e s c e  when i r r a d i a t e d *  
w ith  u l t r a v i o l e t  l i g h t  and t h i s  th e r e f o r e  l i m i t s  th e  a p p l i c a t io n .
Drugs w hich e x h ib i t  t h i s  b e h a v io u r  in c lu d e  t r i a m te r e n e  and th e  t e t r a ­
c y c l in e  group o f  d ru g s . By fo c u s in g  th e  UV beam on an o rd e re d  u n i t  
i t  i s  p o s s ib le  t o  i d e n t i f y  in d iv id u a l  f lu o r e s c in g  a d h e re n t p a r t i c l e s .  
In  a d d i t io n  th e  use  o f  a  p h o to m u l t ip l ie r  a llo w s  th e  l e v e l  o f  
f lu o re s c e n c e  t o  b e  q u a n t i f i e d  so e n a b l in g  d i f f e r e n t  o rd e re d  m ixes 
t o  b e  com pared. The m ethod p ro v id e s  b o th  q u a l i t a t i v e  and q u a n t i t a t i v e  
d a ta  q u ic k ly  and  e a s i l y  and a l s o  a llo w s  a  perm anent p h o to m ic ro g ra p h ic  
r e c o rd  t o  b e  made.
1 .3 .3 . 7  Perm eam etry m ethod
M erle et_ a l  (1979) and Gayot e t  a l  (198U) have u se d  th e  F is h e r  
s u b - s ie v e  s i z e r  t o  s tu d y  th e  s p a t i a l  d i s t r i b u t i o n  o f  powder m ix e s .
The F is h e r  s u b - s ie v e  s i z e r  em ploys th e  a i r  p e rm eam etric  m ethod 
t o  m easure th e  av e rag e  p a r t i c l e  s i z e  o f  powder sam ple . I t  i s  b a se d  
on th e  p r i n c i p l e  t h a t  a  c u r r e n t  o f  a i r  flo w s more r e a d i l y  th ro u g h  a 
b ed  o f  c o a rse  powder th a n  an o th e rw ise  e q u iv a le n t  b e d  o f  f in e  pow der, 
t h a t  i s  e q u a l in  p a r t i c l e  sh a p e , a p p a re n t volume and  p e rc e n ta g e  o f  
v o id s  b u t  d i f f e r i n g  in  av e ra g e  p o re  d ia m e te r  by  d i f f e r e n c e s  in  
c o a r s e n e s s ,  s u r fa c e  ro u g h n ess  and  i n t e r n a l  p o r o s i ty  o f  th e  m a te r i a l .
In  th e  Carmen-Kozeny e q u a t io n ^ th e  p o re  sp ace  o f  a  p ack ed  b ed  
o f  powder can b e  re g a rd e d  as b u n d le s  o f  p a r a l l e l  c a p i l l a r i e s  w ith  a  
common e q u iv a le n t  d ia m e te r  th ro u g h  w hich a i r  f lo w s . The e q u a tio n  i s
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w here d , i s  th e  d ia m e te r  o f  a  sp h e re  h av in g  th e  same e x t e r n a l  s u r f a c e  sv
to  volume r a t i o  as th e  p a r t i c l e  in  m ic ro m e te rs ; w here ru  th e
com pacted h e d  i n  ml and  P , th e  o v e r a l l  a i r  p r e s s u r e  h e a d  in  g fo rc e
th e  t r u e  p a r t i c l e  d e n s i ty  i s  c o n s o l id a te d  t o  known p o r o s i ty  v a lu e s .
At h ig h  p o r o s i t i e s ,  th e  l a r g e  c a p i l l a r i e s  swamp th e  e f f e c t  o f  s m a lle r  
ones and  th e r e f o r e  a i r  flo w  i s  f a s t e r  th a n  a f t e r  f u r t h e r  co m p ressio n  
w here a l l  c a p i l l a r i e s  te n d  t o  have th e  same d ia m e te r .  When v a lu e s  
o f  lo w er p o r o s i t i e s  a re  r e a c h e d , t h e r e  i s  fo rm a tio n  o f  a g g re g a te s  o r  . 
a  c lo s e ly  k n i t  n e tw o rk . The v a lu e  o f  p o r o s i ty  w hich g iv e s  th e  minimum 
d ia m e te r 'i s ' th e  optimum and  m ost r e p ro d u c ib le .
Where th e r e  i s  l i t t l e  i n t e r a c t i o n  betw een  f i n e  pow ders and  
c o a rse  c a r r i e r ,  as in  random m ix in g , th e  flow  o f  a i r  i s  im peded as 
th e  f in e s  f i l l  up th e  p o re  sp aces  and  form  a  powder b e d  w ith  v e ry  
f in e  c a p i l l a r i e s  ( F ig .  1 .1 0 a ) .  The m easured  volume s u r fa c e  mean 
d ia m e te r  i s  th e n  g r e a t l y  red u ce d  as com pared to  th e  p acked  c o a rse  
c a r r i e r  b ed . In  c o n t r a s t  w here th e r e  i s  i n t e r a c t i o n  betw een  p a r t i c l e s
v i s c o s i t y  o f  a i r ;  C, th e  conductance  o f  th e  flow  m e te r  i n  m l.s ^ p e r
- 3
u n i t  p r e s s u r e ;  p , t h e  sam ple d e n s i ty  m  g cm ; L , d ep th  o f  powder 
b e d  i n  cm; M, th e  mass o f  sam ple in  gram s; V, a p p a re n t volume o f
cm
In  th e  a p p a ra tu s  i t s e l f ,  m ost o f  th e  v a r i a b le s  a re  f ix e d  o r
c o n t r o l l e d  such t h a t  th e  e q u a t io n  i s  g r e a t ly  s im p l i f i e d  and th e
av era g e  p a r t i c l e  d ia m e te r  i s  in d i c a te d  by  th e  v a lu e  o f  F, o r  t h e
h e ig h t  o f  a  column o f  l i q u i d .  A sam ple w e ig h t e q u a l  in  grams to
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F ig . 1 .1 0  S p a t i a l  a rran g em en t and  p a c k in g  o f  p a r t i c l e s  in
(a )  random  mix
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as  in  an o rd e re d  m ix, th e  m easured  volume s u r f a c e  mean d ia m e te r  i s  
o n ly  s l i g h t l y  red u ce d  o r  even in c re a s e d  as a  h ig h ly  porous s t r u c t u r e  
s t i l l  e x i s t s  ( F ig .  1 .1 0 b ) .
The a u th o rs  Gayot et_ a l  ( 198U) have a l s o  s u c c e s s f u l ly  u sed  
perm eam etry t o  e x p la in  th e  b e h a v io u r  o f  com ponents in  t e r n a r y  
m ix tu re s .  When 0 .5 $  magnesium s t e a r a t e  was added  t o  o rd e re d  mixes 
o f  l a c to s e  and 1$ s a l i c y l a t e ,  th e  m easured  volume s u r f a c e  mean 
d ia m e te r  wets in c re a s e d  as th e  lu b r i c a n t  ad h e re d  t o  th e  l a c to s e  
s u r f a c e .  W ith h ig h e r  c o n c e n tra t io n s  o f  magnesium s t e a r a t e ,  t h e  
s a l i c y l a t e  was d is p la c e d  from  c a r r i e r  s u r f a c e  in t o  p o re  sp a c e s  le a d in g  
to  a  d e c re a se  in  t h e  volume s u r f a c e  mean d ia m e te r . They a l s o  s tu d ie d  
th e  in f lu e n c e  o f  sequence o f  m ix ing  and  found  t h a t  f o r  l a c t o s e -  
s t e a r a t e - s a l i c y l a t e  m ix tu r e s , th e  volume s u r f a c e  mean d ia m e te rs  were 
g r e a t e r  th a n  f o r  l a c t o s e - s a l i c y l a t e - s t e a r a t e  m ix tu re s .  T h is  in d i c a te d  
t h a t  th e  s a l i c y l a t e  h ad  an  a f f i n i t y  f o r  th e  s t e a r a t e .
I t  w ould seem t h a t  perm eam etry  i s  a  u s e f u l  m ethod f o r  
d e te rm in in g  th e  s p a t i a l  s t r u c t u r e  o f  com ponents in  a  powder m ix.
1 .3 .U  D is s o lu t io n  e f f e c t s  r e l a t e d  t o  m ix ing
Powders in  th e  p h a rm a c e u tic a l in d u s try  a re  m ixed p r im a r i ly  to  
p ro v id e  a  homogeneous m ix tu re .  However, th e  q u a l i t y  o f  th e  mix form ed 
may in f lu e n c e  o th e r  p r o p e r t i e s  o f  th e  s o l i d  dosage form  such  as 
m ech an ica l s t r e n g th  o f  t a b l e t s ,  d i s i n t e g r a t i o n  tim e  and  d i s s o lu t io n  
b e h a v io u r .
For b in a ry  m ix tu r e s , th e  mix may be random , o rd e re d  o r  more 
u s u a l ly  any co m b in a tio n  o f  th e  two as in  th e  t o t a l  m ixes d e s c r ib e d  
by  S ta n i f o r th  ( 198O ). When a  s o l i d  dosage form  i s  p ro d u ced  from  
such  a  m ix, th e  f i n a l  powder s t r u c t u r e  o r  th e  s p a t i a l  a rran g em en t o f  
th e  drug  and e x c ip ie n ts  may in f lu e n c e  th e  d i s s o lu t io n  and d rug  r e l e a s e .
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Any e f f e c t . ,  o f  m ix ing  on d i s s o lu t io n  i s  u s u a l ly  more p ronounced  
in  low  dose p r e p a r a t io n s  w here m ic ro n is e d  d rugs a re  o f te n  u sed  
and th e  chance o f  d ru g -e x c ip ie n t  in t e r a c t io n s  in c r e a s e d .  Ampolsuk:-' 
et_ a l  (197*0 o b se rv ed  t h a t  by  s p re a d in g  5% d ig o x in  o r  h y d ro c o r t is o n e  
o v e r  l a c to s e  u s in g  f r i c t i o n a l  p r e s s u r e ,  h ig h e r  d i s s o lu t i o n  p r o f i l e s  
w ere n o te d  th a n  by  u s in g  e i t h e r  s im p le  b le n d in g  o r  s o lv e n t  d e p o s i t io n .  
They gave no e x p la n a tio n  f o r  th e s e  r e s u l t s  b u t  H ersey  (197**) e x p la in e d  
th e  e f f e c t  in  te rm s o f  th e  in t r o d u c t io n  oif o rd e r  w i th in  th e  powder 
m ix tu re .  N ystrom  and W este rb e rg  ( 1 9 8 6 ) have s u c c e s s f u l ly  u se d  
o rd e re d  m ix ing  o f  g r i s e f u l v i n  w ith  -sodium c h lo r id e  c a r r i e r s  t o  
im prove th e  d i s s o lu t io n  r a t e  o f  th e  h y d ro p h o b ic  d ru g . The ad h eren ce  
o f  d rug  to  th e  c a r r i e r  s u r f a c e  in c r e a s e d  th e  exposed  s u r f a c e  a r e a  
and c o n ta c t  w ith  s o lu b le  d i l u e n t .  A f te r  i n i t i a l  f a s t  d i s s o lu t io n  
o f  th e  c a r r i e r ,  th e  d rug  i s  r e a d i l y  and  e a s i l y  d is p e r s e d  w ith in  th e  
d i s s o lu t i o n  medium. I t  w ould ap p e a r th e r e f o r e  t h a t  when o rd e re d  
m ix ing  i s  u sed  to  im prove d i s s o l u t i o n , t h e  s o l u b i l i t y  o f  t h e  c a r r i e r  
u se d  m ust b e  ta k e n  in to  c o n s id e r a t io n .  W este rb e rg  and  o th e r s  (1986) 
u sed  b o th  s o lu b le  and in s o lu b le  c a r r i e r s  t o  s tu d y  th e  e f f e c t  on 
d rug  r e l e a s e .  The im provem ent in  d i s s o lu t i o n  from  s o lu b le  c a r r i e r s  
such  as l a c t o s e ,  sodium  c h l o r i d e ,  a n d t r i c a l c iu m  d i c i t r a t e  was much 
h ig h e r  th a n  from  in s o lu b le  Emcompress and g la s s  b e a d s .
A part from  m ic ro n is e d  d rugs w hich may form  o rd e re d  u n i t s  
w ith  c a r r i e r s  d u r in g  m ix ing  o p e r a t io n s ,  o th e r  f in e  and c o h e s iv e  
e x c ip ie n ts  may behave s im il a r l y .  Magnesium s t e a r a t e  i s  a  l u b r i c a n t  
w hich i s  o f te n  added  t o  powder m ixes to  im prove flow  and  p a c k in g  
c h a r a c t e r i s t i c s  such t h a t  a  homogeneous mix i s  t r a n s f e r r e d  u n ifo rm ly  
d u r in g  d ie  com pression  o r  e n c a p s u la t io n .  I t  a l s o  p re v e n ts  th e  
ad h e s io n  o f  powders t o  t o o l in g  fa c e s  d u r in g  t a b l e t i n g .  The p a r t i c l e  
s i z e  i s  o f te n  betw een 1 0 - 15um and i t  l u b r i c a t e s  by  c o a t in g  c a r r i e r s
-  6U -
o r s u b s t r a t e s .  On th e  q u e s t io n  o f  th e  e x te n t  o f  o rd e r in g  o r  
c o v e ra g e , i t  was i n i t i a l l y  th o u g h t t h a t  a  u n ifo rm , c o n tin u o u s  and  
m o n o p a r t ic u la te  l a y e r  was form ed (T aw ash i, 1963a ;  b ) .  B o lh u is  e t  a l  
(1975) a l s o  p o s tu la te d  th e  fo rm a tio n  o f  a  m onom olecular f i lm .  More 
r e c e n t ly  i t  i s  b e l ie v e d  t h a t  p r e f e r e n t i a l  a d h es io n  o ccu rs  f i r s t  t o  
c a v i t i e s  (B o lh u is  et_ a l ,  1980) fo llo w e d  by  a  g ra d u a l d i s t r i b u t i o n  
o v e r th e  s u b s t r a t e  s u r f a c e  (R o b lo t -  T reu p e t and  P u is ie u x ,  1 9 8 6 ) .
The r a t e  o f  m ix ing  i s  d e s c r ib e d  by a  lo g a r i th m ic  r e l a t i o n s h i p  
and i s  p r o p o r t io n a l  t o  th e  c o n c e n tr a t io n  o f  th e  unm ixed f in e  
p a r t i c l e s  (H erse y , 1975)- In c re a s e d  s h e a r  a l s o  in c r e a s e s  th e  e x te n t  
o f  o rd e r in g  o f  magnesium s t e a r a t e  on th e  c a r r i e r  s u r f a c e  (Shah and  
M lodozen iec , 1977* M urthy and  Samyn, 1977) and  in c re a s e s  th e  u n ifo rm ity  
o f  th e  m ix. The in f lu e n c e  o f  in c re a s e d  o rd e r in g  o f  magnesium s t e a r a t e  
on th e  s u r f a c e  o f  drug  p a r t i c l e s  w i l l  b e  t o  in c re a s e  th e  h y d ro p h o b ic i ty  
o f  th e  drug  and  t o  d e c re a se  th e  d i s s o lu t io n  r a t e .  '
Magnesium s t e a r a t e  has been  shown t o  e x h ib i t  c o n s id e ra b le  
b a tc h  t o  b a tc h  v a r i a t i o n  re g a rd in g  b o th  s p e c i f i c  s u r f a c e  a re a  and  
m o rp h o lo g ic a l p r o p e r t i e s  (B u tc h e r and J o n e s ,  1972; H o lz e r ,  1983;
M il le r  and Y ork, 1 9 8 5 ) .  Some w orkers have found  t h a t  th e  in f lu e n c e  
on d i s s o lu t io n  depends on th e  s p e c i f i c  s u r f a c e  a r e a  o f  th e  l u b r i c a n t  
u sed  tho u g h  th e y  have n o t e x p la in e d  th e  e f f e c t  in  te rm s  o f  th e  
s p a t i a l  s t r u c t u r e  o f  th e  mix ( F r a t t i n i  and S im io n i, 198U ). Jo h an sso n  
and N ic k la s so n  ( 1 9 8 6 ) have r e c e n t ly  e x p la in e d  t h i s  dependency as 
b e in g  r e l a t e d  t o  th e  f r e e  f r a c t i o n  o f  lu b r i c a n t  in  th e  mix r a t h e r  
th a n  t o  th e  f i n a l  l e v e l  o f  s u r fa c e  co v e ra g e . T h e re fo re ,  when m ix in g  
magnesium s t e a r a t e  w ith  t a b l e t  in g r e d ie n ts  th e  c o n c e n tra t io n  u se d , 
th e  i n t e n s i t y  and tim e  o f  m ix ing  m ust be ta k e n  in t o  a c c o u n t.
C o llo id a l  s i l i c a  w hich i s  u sed  as  a  g l i d a n t  may a l s o  form  a  
f i lm  aro u n d  c a r r i e r  p a r t i c l e s .
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Most p h a rm a c e u tic a l dosage form s c o n ta in  more th a n  two 
i n g r e d i e n t s .  H e rse y , T h ie l  and Yeung (1979) p o in te d  o u t th e  ^ p o ssib le  
e f f e c t s  on d i s s o lu t i o n  w here a  t h i r d  component was added  t o  an o rd e re d  
b in a ry  mix and  c a u t io n e d  th e  use o f  o rd e re d  m ix tu re s  in  dosage form s 
(L a i and H ersey , 1 9 7 9 ) . In  one p o s s i b i l i t y ,  t h e  t h i r d  component may 
ad h e re  p r e f e r e n t i a l l y  on to  c a r r i e r  p a r t i c l e s  d is p la c in g  th e  o r i g i n a l  
a d h e re n t p a r t i c l e s  from  t h e i r  ad h es io n  s i t e s  ( F ig .  1 .1 1 a ) .  A l te rn a t iv e ly , ,  
t h e  t h i r d  component may s t r i p  drug  p a r t i c l e s  from  th e  c a r r i e r  p a r t i c l e s  
b u t  does n o t b in d  i t s e l f  t o  th e  c a r r i e r  (F ig .  1 .1 1 b ) . The e f f e c t  o f  
th e  f i n a l  s t r u c t u r e  o f  th e  m ix on d i s s o lu t io n  w i l l  depend on th e  r o le  
o f  th e  com ponents in  m o d ify in g  th e  r e l e a s e  p a t t e r n  o f  th e  dosage 
fo rm . Magnesium s t e a r a t e  was found  t o  b e  a b le  t o  s t r i p  s a l i c y l i c  
a c id  from  o rd e re d  u n i t s  o f  s u c r o s e / s a l i c y l i c  a c id .  L erk  and B o lh iu s  
(1977) r e p o r te d  a  d e c re a se  in  d i s s o lu t i o n  o f  sodium  c h lo r id e  on th e  
a d d i t io n  o f  0 .5 #  magnesium s t e a r a t e  as a  r e s u l t  o f  d r u g - lu b r ic a n t  
i n t e r a c t i o n .  The a d d i t io n  o f  2# c o l l o i d a l  s i l i c a  d is lo d g e d  
lu b r i c a n t  p a r t i c l e s  from  th e  d rug  s u r f a c e  and  r e s to r e d  th e  d i s s o lu t i o n  
r a t e  t o  t h a t  o f  th e  o r i g i n a l  b le n d  o f  sodium  c h lo r id e  w ith  g l i d a n t .  
Jo hansson  and N ic k la sso n  (1986) have a l s o  r e p o r te d  s im i l a r  r e s u l t s  
b u t e x p la in e d  th e  r e s u l t s  by  s u g g e s tin g  t h a t  th e  c o l l o i d a l  s i l i c a  
i n t e r f e r e d  p r im a r i ly  w ith  th e  f r e e  l u b r i c a n t ,  p re v e n t in g  t h i s  f r e e  
f r a c t i o n  from  f u r t h e r  co v erag e  on th e  d rug  s u r f a c e .
B olhru is, S m allenb roek  and L erk  (1981) have s tu d ie d  th e  
in f lu e n c e  o f  i n t e r a c t i o n  betw een  t a b l e t  d i s in t e g r a n t s  and magnesium 
s t e a r a t e  on t a b l e t  d i s i n t e g r a t i o n .  They found  t h a t  th e  in f lu e n c e  o f  
th e  l u b r i c a n t  on d i s i n t e g r a t i o n  o r  d i s s o lu t io n  depended on th e  
s w e ll in g  c a p a c i ty  o f  th e  d i s in t e g r a n t  (L erk  et_ a l ,  1 9 8 2 ). Where 
th e  d i s in t e g r a n t  was s t r o n g ly  s w e ll in g ,  such  as sodium  s ta r c h  g ly c o la t e ,
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F ig .  1 .1 1  Schemat ic  r e - p r e s e n t a t i o n  o f  p o s s i b l e  e f f e c t s  on t h e  
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t h e  p re se n c e  o f  w a te r  s e t  up a  c h a in  r e a c t io n  in v o lv in g  s w e ll in g , 
p e n e t r a t i o n  and f i n a l l y  t a b l e t  d i s in t e g r a t i o n  so  t h a t  f i n a l l y ,  
t h e r e  was v e ry  l i t t l e  e f f e c t  o f  lu b r i c a n t  on d i s s o lu t i o n .  On th e  
o th e r  h a n d , w ith  p o ta to  s t a r c h ,  where th e  s w e ll in g  was i n s u f f i c i e n t  
t o  e l im in a te  th e  d e l e te r io u s  e f f e c t s  o f  th e  h y d ro p h o b ic  l u b r i c a n t ,  
t a b l e t s  e x h ib i te d  lo n g e r  d i s in t e g r a t i o n  tim e s  and  s lo w e r d i s s o lu t io n  
r a t e s .  Khan, Musikabhumma and R u b in s te in  (1983) a l s o  s tu d ie d  th e  
e f f e c t  o f  m ix ing  magnesium s t e a r a t e  w ith  a  fo rm u la tio n  c o n ta in in g  97  
t o  99% m ic r o c iy s ta l l i n e  c e l l u l o s e ,  a  s l i g h t l y - s w e l l i n g  d i s i n t e g r a n t ,  
and  n o t i c e d  in s te a d  a  d e c re a se  in  d i s i n t e g r a t i o n  tim e  and  im proved 
d i s s o lu t i o n  r a t e .  The a u th o rs , .how ever,d id  n o t  a t te m p t to  e x p la in  
t h e  r e s u l t s .  Chowhan and Chi (1985a) have shown u s in g  co rn  s ta r c h  
and  p r e g e l a t i n iz e d  s t a r c h ,  w hich  i s  a  s lo w ly  s w e ll in g  d i s in t e g r a n t  , 
t h a t  th e  in f lu e n c e  o f  th e  l u b r i c a n t  on d i s s o lu t i o n  depended on th e  
ty p e  o f  i n t e r a c t io n s  o c c u r r in g  in  th e  t o t a l  powder m ix. W ith powder 
m ix tu re s  c o n ta in in g  d ru g , l a c to s e  and  co rn  s t a r c h  w ith  magnesium 
s t e a r a t e  added  as th e  f o u r th  com ponent, a d h e s io n  o f  lu b r i c a n t  o c c u r re d  
on th e  d ru g /c o rn  s t a r c h  u n i t s  r e s u l t i n g  in  a  m arked r e t a r d a t i o n  o f  
d i s s o lu t i o n  r a t e s .  I n  c o n t r a s t ,  w here p r e g e l a t i n i s e d  s t a r c h  was 
u s e d , no p a r t i c l e  -  p a r t i c l e  i n t e r a c t i o n  o c c u r re d  and  th e  d i s s o lu t i o n  
from  c a p su le s  p re p a re d  from  such  b le n d s  was n o t g r e a t ly  a f f e c t e d  by
i
th e  added l u b r i c a n t .
In  a n o th e r  s tu d y ,  Chowhan and Chi (1986a) found  t h a t  a f t e r  
th o ro u g h  m ix ing  o f  p re d n is o n e ,  d ib a s ic  c a lc iu m  p h o sp h a te  d ih y d ra te ,  
and p o ta to  s t a r c h  o r  sodium  s ta r c h  g ly c o la te ,  o n ly  ab o u t J0% o f  th e  
d ru g  d is s o lv e d  in  h a l f  an  h o u r due t o  i n t e r a c t i o n  betw een  th e  drug  and  
th e  ca lc iu m  p h o sp h a te . When magnesium s t e a r a t e  was add ed , th e  l u b r i c a n t  
ad h e re d  t o  d r u g -d i lu e n t  u n i t s  and  a l s o  t o  d ru g  p a r t i c l e s ,  and 
d i s s o lu t io n  was re d u c e d  f u r t h e r .  In  c o n t r a s t  when magnesium s t e a r a t e
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was m ixed w ith  d rug  and p r e g e l a t i n iz e d  s t a r c h ,  no i n t e r - p a r t i c l e  
in t e r a c t i o n s  o c c u rre d  and d i s s o lu t io n  r a t e s  w ere n o t a f f e c t e d .  I t  
w ould th e r e f o r e  seem t h a t  t h e  e f f e c t  o f  magnesium s t e a r a t e  on 
d i s s o lu t i o n  from  s o l i d  dosage form s c o n ta in in g  d i s in t e g r a n t s  depends 
m a in ly  on th e  ty p e  o f  p a r t i c l e  i n t e r a c t i o n s  o c c u r r in g  in  th e  t o t a l  
mix and  n o t on th e  s w e ll in g  c a p a c i ty  o f  th e  d i s i n t e g r a n t .
Chowhan and Chi ( 1985b) a l s o  r e p o r te d  t h a t  when K e tro la c  
tr im e th a m in e  was m ixed w ith  c r o s s - l in k e d  p o ly v in y lp y r ro l id o n e ,  
c ro sp o v id o n e , d rug  p a r t i c l e s  w ere t r a p p e d  in  v o id s  in  polym er 
p a r t i c l e s  r e s u l t i n g  i n  lo w er d i s s o lu t i o n  r a t e s  th a n  f o r  d rug  a lo n e .
On th e  a d d i t io n  o f  magnesium s t e a r a t e ,  ad h e s io n  o f  lu b r i c a n t  to  
d ru g -c ro sp o v id o n e  u n i t s  l e d  t o  f u r t h e r  r e d u c t io n  in  d i s s o lu t i o n  
r a t e s  (Chowhan and C h i, 1 9 8 6 b ). When sodium  s t e a r y l  fu m ara te  was 
u sed  in s t e a d  as l u b r i c a n t ,  no p a r t i c l e  -  p a r t i c l e  i n t e r a c t i o n  o c c u r re d  
and n e i t h e r  d i s i n t e g r a t i o n  tim e s  n o r  d i s s o lu t i o n  r a t e s  w ere a f f e c t e d .
Thus a lth o u g h  m ix ing  may seem a t  f i r s t  t o  b e  a  f a i r l y  s im p le  
o p e r a t io n ,  i t  i s  im p o r ta n t t o  exam ine th e  ty p e  and e x te n t  o f  
in t e r a c t io n s  o c c u r r in g  w ith in  th e  t o t a l  m ix. I n te r a c t i o n s  may o c c u r ,  
f o r  exam ple , betw een  d rug  and l u b r i c a n t ,  d rug  and  d i l u e n t ,  d rug  and 
d i s in t e g r a n t  o r  o th e r  co m binations o f  fo rm u la tio n  com ponents and 
th e s e  may a d v e r s e ly  in f lu e n c e  d i s s o lu t io n  from  s o l i d  dosage fo rm s.
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l .U  AIMS OF THE PRESENT STUDY
Drug s u b s ta n c e s  o f  low aqueous s o lu b i l i ty ;  f r e q u e n t ly  p re s e n t  ' 
problem s in  th e  fo rm u la tio n  o f  s o l i d  dosage form s t h a t  en su re  
re p ro d u c ib le  r e l e a s e  and a b s o rp t io n  b e h a v io u r .  In  th e  p a s t , - t o x i c  
s id e  e f f e c t s  a s s o c ia te d  w ith  th e  a d m in is t r a t io n  o f  p h en y to in  in  
c a p su le  form  w ere a t t r i b u t e d  t o  change in  d i s s o lu t i o n  b e h a v io u r  
when th e  p r i n c i p a l  e x c ip ie n t  was changed from  th e  in s o lu b le  ca lc iu m  
su lp h a te  t o  l a c to s e  (B ochner e t  a l ,  1972b; 1 9 7 3 ). R ecent s t u d i e s ,  
how ever, have p r e s e n te d  c o n f l i c t i n g  ev id en ce  c o n c e rn in g  th e  r o l e  o f  
th e s e  d i lu e n ts  and  o th e r  fo rm u la tio n  a d d i t iv e s  ( C a r te r ,  1983 ).
T his p r o je c t  a d d re s s e s  th e  d i s s o lu t i o n  b e h a v io u r  o f  p h e n y to in  
sodium  from  m ulti-co m p o n en t system s ta k in g  in to  a cc o u n t f a c to r s  such 
as  p a r t i c l e  s i z e ,  s u r fa c e  a r e a  and  o th e r  p h y s ic a l  and  chem ica l 
p r o p e r t i e s  o f  th e  powder p a r t i c l e s .  A c o n s id e r a t io n  o f  f a c t o r s  w hich 
m ight in f lu e n c e  d rug  r e le a s e  from  th e  ty p e  o f  system  to  b e  i n v e s t ig a t e d  
le d  t o  th e  d e c is io n  t h a t  th e  e f f e c t  o f  m ix ing  c o n d i t io n s  and  s p a t i a l  
arrangem ent o f  p a r t i c l e s  w ith in  th e  t o t a l  m ix sh o u ld  a l s o  b e  e v a lu a te d .  
In  o rd e r  t o  a s s e s s  th e  s p a t i a l  d i s t r i b u t i o n  o f  com ponents, i t  was 
n e c e s s a ry  t o  d ev e lo p  a  s e m i- q u a n t i t a t iv e  m ethod b a se d  on SEM com bined 
w ith  X -ray  a n a l y s i s .
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2 . MATERIALS, METHODOLOGY AND EQUIPMENT
2 .1  MATERIALS
2 .1 .1  D e s c r ip tio n
The d e t a i l s  o f  th e  d ru g  compounds e v a lu a te d  -  p h e n y to in  and 
p h e n y to in  sodium  -  a s  w e ll  a s  th e  two d i lu e n ts  -  th r e e  so u rces  o f  
l a c to s e  and two h a tc h e s  o f  ca lc iu m  s u lp h a te  d ih y d ra te  -  and s ix  
h a tc h e s  o f  th e  lu b r i c a n t  magnesium s t e a r a t e ,  a re  p r e s e n te d  in  
T ah le  2 .1 .  See fo o t-n o te  he low .
2 .1 .2  B ulk and p a r t i c l e  p r o p e r t i e s  o f  pow ders
2 .1 .2 .1  Shape and s u r f a c e  c h a r a c t e r i s t i c s
The p a r t i c l e  shape and  s u r f a c e  c h a r a c t e r i s t i c s  were d e te rm in e d  
hy  S cann ing  E le c tro n  M icroscopy u s in g  a  JEOL 35C sc a n n in g  e le c t r o n  
m icro sco p e  ( J e o l ,  Tokyo, J a p a n ) . Samples p h o to g rap h e d  r e p r e s e n t  o n ly  
a  m inu te  p o r t io n  o f  th e  h u lk  m a te r ia ls  and th e r e f o r e  c a re  was ta k e n  t o  
s e l e c t  f i e l d s  o f  v iew  r e p r e s e n t a t i v e  o f  th e  v a r io u s  pow ders. F ig . 2 . l a - 1  
shows p h o tom icrog raphs o f  th e  d ru g , d i lu e n t  and lu b r i c a n t  powders a s  su p p lie d *
2 .1 .2 .2  P a r t i c l e  d e n s i ty
The t r u e  p a r t i c l e  d e n s i ty  o f  d rug  and  e x c ip ie n t  powders were 
d e te rm in e d  u s in g  a  H e liu m -a ir  pycnom eter (Model 1302, M ic ro m e ritic s  
In s tru m e n t C o rp o ra tio n , N o rc ro ss , U .S .A .) . The r e s u l t s  a re  shown in  
T ah le  2 .2  f o r  d rug  and  d i l u e n t  powders and T ah le  2 .3  f o r  lu b r i c a n t  
pow ders.
f o o tn o te
D is c r e te  s iz e ; f r a c t i o n s  o f  th e  d rug  and se lpp+ p^  aai j. ^  •axaa be-Lectea d i lu e n t  powders were o b ta in e d
by  s i e v e ; < s e p a r a t io n . j
Table 2 .1  D e ta ils  o f  drug, d ilu e n ts  and lu b r ic a n t powders
Powder S o u rc e /S u p p lie r B atch  no . Symbol
Drug P hen y to in Sigma Chem ical C o ., S t .  L o u is , USA Lot 12UF-0177 -
P h en y to in  sodium Sigma Chem ical C o ., S t .  L o u is , USA Lot 72F-0769 P
D ilu e n ts L ac to se  (BP) J.M . L overidge p i c . ,  Southam pton, UK BN 111+25 Di
L ac to se  (BP) D airy  C r e s t ,  Thames D it to n ,  UK C oarse sam ple D2
L ac to se  (BP) Evans M edical L td , L iv e rp o o l,  UK 7H5877 D3
Calcium  s u lp h a te  
d ih y d ra te B r i t i s h  Gypsum, Newark, UK c o a rse  sam ple DU
C alcium  s u lp h a te  
d ih y d ra te BDH, P o o le , UK 558U683 D5
L u b ric a n t Magnesium s t e a r a t e BDH, P o o le , UK 93797200 L1
Magnesium s t e a r a t e  
(GPR) BDH, P o o le , UK 0 6 U2 U0 L2
Magnesium s t e a r a t e  
(BP/EP) Durham Chem icals L td , B i r t l e y , UK R efe re n ce  sam ple L3
Magnesium s t e a r a t e  
(BP/EP) Durham C hem icals L td , B i r t l e y ,
UK B33 H
Magnesium s t e a r a t e  
(BP/EP) i Durham Chem icals L td , B i r t l e y , UK B77 * L5
Magnesium s t e a r a t e  
(BP/EP) Durham Chem icals L td , B i r t l e y , UK i B78 L6
i-----------------------
Fig 2.1 Photomicrographs of drug,diluent and lubricant
powders studied.
a) Phenytoin sodium-mainly needle-like crystals with few 
plates.
b) Lactose D| -individual tomahawk- 1 ike crystals with fairly 
smooth surface.
c) Lactose D2-individual tomahawk-like crystals with 
porous surface.
d) Lactose D3~fine powder;tomahawk- 1 ike crystals with 
fairly smooth surface.
x 2000
i. — — I
10 urn
e) Calcium sulphate dihydrate -individual plate-like 
crystals with fairly smooth surface.
x 100





x 2000 10 um x 7 8 0 0
h) Magnesium stearate L^-mainly plate-like crystals with 
few needles; particles appear to be agglomerates of fine 
crystals.
) Magnesium stearate -large individual plate-like 
crystals.
v  - j
x 2000 10 um x 7800 l.o um
i) Magnesium stearate L3-plate- 1 ike crystals; particles 
appear to be agglomerates of fine crystals.
x 2000 10 um x 7800 1 .0  um
j) Magnesium stearate -plate-1 ike crystals.
x 2000 10 um x 7800 1.0 um
k)
x 2000 10 um
1) Magnesium stearate Lg-plate-like crystals
Magnesium stearate Lg-plate-1 ike crystals.
l . . .  ■ —i
x 7800 1.0 um
x 2 0 0 0  10 um x 7 8 0 0  1 . 0  um
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2 .1 .2 .3 .  B ulk  and ta u p e d  d e n s i t i e s
A c c u ra te ly  w eighed  q u a n t i t i e s  o f  a p p ro x im a te ly  56 o f  each  drug  
and e x c ip ie n t  ( 3g in  th e  ca se  o f  th e  l u b r i c a n t s )  w ere poured  
s e p a r a te ly  in to  a  25ml g ra d u a te d  g la s s  c y l in d e r  u s in g  a  g la s s  f u n n e l ,  
and th e  i n i t i a l  volume re c o rd e d . The g la s s  c y l in d e r  and i t s  c o n te n ts  
w ere ta p p e d  u s in g  a  j o l t i n g  v o lu m ete r ( J .  Engelsm ann A-G, Ludw igshafen 
am R h in e , W. Germany). Volume re a d in g s  w ere ta k e n  a f t e r  th e  c y l in d e r  
had  b een  ta p p e d  f o r  5 0 , 1 0 0 , -2 0 0 , 3 0 0 , 1*0 0 , 5 0 0 , 1 0 0 0 , 2000  and 3000 t a p s .  
I t  was found  t h a t  ta p p in g  3000 tim es  was s u f f i c i e n t  t o  a c h ie v e  minimum 
p ack in g  volum e. I t  i s  re c o g n is e d  t h a t  th e  u s e  o f  a  n a rro w -b o re  g la s s  
c y l in d e r  ( i n t e r n a l  d ia m e te r  a p p ro x im a te ly  17mm) p ro v id e s  s i g n i f i c a n t  
w a l l  e f f e c t s  d u r in g  v i b r a t i n g  com paction . However, . th is  was u sed  b e c a u se  
o f  th e  sm all q u a n t i ty  o f  pow ders a v a i la b l e  and  a l s o  to  s im u la te  th e  
p a c k in g  c o n d it io n s  w i th in  a  g e l a t i n  c a p su le  s h e l l .
Bulk and ta p p e d  d e n s i t i e s  w ere c a l c u la te d  and a re  summar i s e d  in  
Table 2 .2  f o r  d rug  and d i lu e n ts  and T ab le  2 . b  'fo r  lu b r i c a n t  pow ders.
The c o n s o l id a t io n  b e h a v io u r  o f  th e  lu b r i c a n t  pow ders i s  shown g r a p h ic a l ly  
in  F ig .  2 .2 .  The changes in  p ack in g  d e n s i ty  p ro d u ced  on ta p p in g  g iv e  
an i n d i c a t io n  o f  th e  s t r e n g th  o f  i n t e r p a r t i c l e  a t t r a c t i o n s .  Magnesium 
s t e a r a t e  b a tc h  2 showed th e  h ig h e s t  o v e r a l l  change in d i c a t in g  th e  l e a s t  
coherence betw een  p a r t i c l e s .  B atch  k showed th e  l e a s t  o v e r a l l  change . 
N orm ally as p a r t i c l e  s iz e s  a r e  red u ce d  a t t r a c t i o n s  betw een 
p a r t i c l e s  in c r e a s e .
2 . 1 .2 . k H ausner r a t i o
A m easure o f  th e  a b i l i t y  o f  powder to  f lo w  can  b e  g iv e n  by th e  
H ausner r a t i o :  th e  r a t i o  o f  th e  c o n s o l id a te d  ta p p e d  d e n s i ty  t o  th e  
poured  b u lk  d e n s i ty .  The c l q s e r  th e  r a t i o  i s  to  a  v a lu e  o f  one
3hble 2 .2  Some p a r t ic le  and bulk p ro p er tie s  o f  drug and d ilu e n t  povders
Powder Bulk d e n s i ty  
g ml 1
Tapped d e n s i ty  
g ml 1
H ausner r a t i o * P a r t i c l e  d e n s i ty  
g ml"1
P h e n y to in  sodium 0 .3 7 0 .6 9 1 .8 6 1 . 1*0
L ac to se  <£.l*5pm 0  . 1*6 0 .8 2 1 .7 8 1 .5 1*
90 - 1 2 5pm 0 .6 3 0 .8 2 1 .3 0 1 .5 5
250-355>mi 0 .65 0 .7 8 1 .2 0 1.5U
L ac to se  ^  U5,pm 0 . 1*1 0 .6 8 1 .6 6 1 .5 1
90-125pm 0 .U8 0 .8 0 I .6 7 1.5U
250-355pm 0 .7 7 0 .8 6 1 .1 2 1 .5 2
L ac to se  * 0 .3 7 0 .6 5 1 .7 6 1 .5 2
Calcium s u lp h a te  d ih y d ra te  <l*5pm 0 .6 3 1 .1 0 1 .7 5 2 .3 0
90 -1 2  5pm 0 .8 6 1 .1 7 1 .3 6 2 .3 2
2 5 0-355p i 1 .0 2 1 .2 0 1 .1 8 2 .3 0
Calcium s u lp h a te  d ih y d ra te 0 .2 1 0.1*5 2 . 11* 2 .3 2
* „  . .  ta p p e d  d e n s i tyH ausner r a t i o  : — “ --------------- *-
d e n s ity
Table 2 .3  Some p h y s ic a l p ro p er tie s  o f  th e  s ix  batches o f  magnesium s te a r a te
Sample
average  
p a r t i c l e  
d ia m e te r  (pun)*
s p e c i f i c  
s u r fa c e  
d ia m e te r  (pm)
s p e c i f i c  
s u r fa c e  
a re a  (m^g”1 )
p a r t i c l e  
d e n s i ty  
(g  ml”1 )
% lo s s  
on 
d ry in g
• s u r fa c e  te n s io n  
o f  H^O s o lu b le  
e x t r a c t  (mN m )
Li
- 2 . 1*0 2 .3 3 1 .0 7 2 .2 6 3 .0
L2
- 1 . 1*0 1*.12 1 . 0.1* 1*.6 5 8 .7
L3 9 .8 8 1 .5 6 3.1*7 1 .1 1 2 .9 6 7 . 1*
LU 9 .8 8 1 .6 2 3.1*0 1 .0 9 2 .6 6 6 .6
L5 1 2 .3 8 2 .7 0 2 . 01* 1 .09 3 .2 61*. k
L6 1 2 .3 8 2 .0 6 2 .7 3 1-.10 2 .2 65.1*
*
D ata o b ta in e d  from  s u p p l ie r
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T able 2.U Bulk and ta p p e d  d e n s i t i e s  o f  th e  d i f f e r e n t  b a tc h e s  o f  
magnesium s t e a r a t e
Powder Bulk d e n s i ty  g 1
Tapped 
d e n s i ty  g 1
( 3000 t a p s .  )
|
H ausner
r a t i o
Magnesium s t e a r a t e 0 .2 1 O.Ul 1 .9 5
Magnesium s t e a r a t e 0 .1 8 . 0 .2 8 1 .5 6
Magnesium s t e a r a t e 0 .1 7 0 .3 3 1 .8 3
Magnesium s t e a r a t e 0 .1 8 0 .3 3 1 .8 3
Magnesium s t e a r a t e 0 .2 0 0 .3 9 1 .9 5
Magnesium s t e a r a t e 0 .2 0 0 .3 9 1 .95
-  80 -
F ig .  2 .2  Changes in  p a c k in g  d e n s i ty  p roduced  on ta p p in g  th e
d i f f e r e n t  b a tc h e s  o f  magnesium s t e a r a t e  
V  ^  L3  > I  L4 / O Lg ) A Lg .
packing
density
0 4 0 0200
Number of taps
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th e  b e t t e r  th e  flo w . Powders w ith  p oo r flow  g e n e r a l ly  have a  H ausner 
r a t i o  g r e a t e r  th a n  1 .25*  R e s u lts  a r e  shown in  T ab le  2 .2  f o r  d rug  and  
d i lu e n t  powders and T ab le  2.U fo r  th e  l u b r i c a n t  pow ders.
2 .1 .2 .5  S p e c i f ic  s u r f a c e  d ia m e te r , s p e c i f i c  s u r f a c e  a r e a
The F is h e r  s u b -s ie v e  s i z e r  (Kek. In s tru m e n ts  L td , Man C h e s te r ,  U .K .) 
i s  u se d  f o r  th e  m easurem ent o f  p a r t i c l e  s i z e  o f  pow ders in  th e  ran g e  
from  0 .2 -5 0  m ic ro n s . Thus th e  f in e  powders p h e n y to in  sodium , d i lu e n ts  
and D^, and lu b r i c a n t s  w ere c h a r a c te r i s e d  by  t h i s  m ethod. The 
p a r t i c l e  d ia m e te r ,  Dg v 9 o b ta in e d  i s  th e  d ia m e te r  o f  a  sp h e re  h a v in g  
th e  same e x t e r n a l  s u r f a c e  a re a  to  volume r a t i o  as  th e  p a r t i c l e .  The 
av e rag e  p a r t i c l e  d ia m e te r  may a l s o  be e x p re s s e d  in  te rm s o f  th e  s p e c i f i c  
s u r f a c e  a r e a ,  S^., w hich i s  th e  s u r fa c e  a r e a  o f  th e  powder p e r  u n i t  m ass.
U
S = — Equa t i on 2 .1
W /?D' sv
where p  , i s  th e  t r u e  p a r t i c l e  d e n s ity  o f  th e  pow der.
The r e s u l t s  a r e  shown in  T able 2 .3  f o r  l u b r i c a n t  powders and 
T able 2 .5  f o r  d rug  and  d i l u e n t .
T ab le 2 .5  S p e c i f ic  s u r f a c e  d ia m e te r  and s p e c i f i c  s u r fa c e  a r e a  
o f  d rug  and  d i lu e n t  powders
Powder p a r t i c l e  
d ia m e te r  yum
s p e c i f i c  s u r fa c e  
a r e a  m^ g“^
P h en y to in  sodium ' 
(w hole f r a c t io n ) U.60 0 .9 3 .
P h en y to in  sodium  U5yum) 3 .95 1 .0 8
L ac to se 9 . TO O.Ul
Calcium  s u lp h a te  
d ih y d ra te 7 .6 0 0 . 3U
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2 . 1 . 2 .6  Loss on d ry in g
About l g  o f  each  powder as  re c e iv e # w a s . a c c u r a te ly  w eighed  in to  
a  w ide-m outhed s a m p le -c o ii ta fn e r . Samples w ere oven d r ie d  a t  100-105°C 
f o r  3 to  k h o u rs  and th e  f i n a l  w eig h t re c o rd e d . D uring  rew e ig h in g  
p re c a u t io n s  w ere ta k e n  t o  a v o id  u p tak e  o f  m o is tu re .  The r e s u l t s  f o r  
th e  lo s s  in  w e ig h t on d ry in g  e x p re s se d  as a  p e rc e n ta g e  o f  th e  i n i t i a l  
sam ple w e ig h t a re  shown in  T ab le 2 .3  f o r  th e  d i f f e r e n t  b a tc h e s  o f  
m agnesium s t e a r a t e ,  and in  T ab le  2 .6  f o r  drug and  " d ilu e n t pow ders.
T ab le  2 .6  P e rc e n ta g e  lo s s  on d ry in g  o f  drug  and d i l u e n t  powders
Powder % lo s s  on d ry in g
F h en y to in  sodium 1 .H0
L ac to se  D^ 0 . 1
L ac to se  D^ 0 . 1
L ac to se  D^ 0 .2
C alcium  s u lp h a te  
d ih y d ra te 0 . 1
Calcium  s u lp h a te  
d ih y d ra te 0 . 2
2 '.1 .2 .7  M o istu re  s o r p t io n  is o th e rm
S o rp tio n  iso th e rm s  a t  25°C were d e te rm in ed  f o r  drug  and  d i lu e n t s  
D^, D^ and  u s in g  th e  p a r t i c l e  s iz e  f r a c t i o n  90-125jum. About lg  o f  
powder was p la c e d  in  a  sh a llo w  w eigh ing  d ish  in  a  d e s ic c a to r  in  a  
chamber c o n ta in in g  an a p p ro p r ia te  s a tu r a te d  s a l t  s o lu t i o n  w hich p ro v id e d  
one o f  a  ran g e  o f  r e q u i r e d  am bient r e l a t i v e  h u m id i t i e s .  Samples w ere 
i n i t i a l l y  s to r e d  a t  0% EH u n t i l  e q u i l ib r a t e d ,  th e n  p la c e d  o v e r th e  
a p p ro p r ia te  s o lu t i o n .  The w eigh t u p tak e  was m o n ito re d  u n t i l  no f u r t h e r
-  83 -
i n c r e a s e  was o b se rv e d . R e s u l ts  f o r  m o is tu re  s o r p t io n  f o r  d i lu e n t  
pow ders a r e  shown in  F ig .  2 .3  and  f o r  p h e n y to in  sodium  in  F ig . 3 .1 .
2 . 1 . 2 . 8  E l e c t r o s t a t i c  ch arg e
The e l e c t r o s t a t i c  ch a rg e s  d ev e lo p ed  on pow ders fo llo w in g  c o n ta c t  
w ith  a  p la n e  m e ta l s u r f a c e  w ere m easured  u s in g  th e  m ethod d ev e lo p ed  by  
S t a n i f o r th  and Rees (1 9 8 2 ). Each powder was t e s t e d  in d iv id u a l ly  a f t e r  
s to r a g e  u nder am bient c o n d i t io n s  f o r  a t  l e a s t  2 weeks in  a  p o ly e th y le n e  
b a g . The ch arg e  on th e  powder was m easured  by  a l lo w in g  th e  m a te r ia l  to  
flow  a t  a  c o n s ta n t  r a t e  o f  ap p ro x im a te ly  O .^g s ^ o f f  a  s t a i n l e s s  s t e e l ’ 
s u r f a c e  in to  a  F araday  w e l l  s t a t i c  charge  d e t e c to r  co n n ec ted  to  an 
e le c t r o m e te r  (Type 610C, K e i th le y  In s tru m e n ts ,  C le v e la n d , U .S .A .) .
F iv e  d e te rm in a tio n s  w ere made f o r  each  pow der. The mean s p e c i f i c  ch arg e  
d ev e lo p ed  and c o e f f i c i e n t  o f  v a r i a t io n s  a r e  sum m arised in  T ab le 2 .7 .
T ab le  2 .7  Mean s p e c i f i c  ch a rg e  dev e lo p ed  on d ru g , d i l u e n t  and  lu b r i c a n t
powders on c o n ta c t  w ith  a  s t a i n l e s s  s t e e l  s u r f a c e
V alues in  b r a c k e ts  i n d i c a t e  th e  c o e f f i c i e n t  o f  v a r i a t i o n  (F iv e  d e te rm in a tio n s
eac h )
Powder sam ple Mean s p e c i f i c  ch arg e  
(1 0 _9 Cg- 1 )
P h en y to in  sodium - l . 6 l 0 .1 7 )
L ac to se  (250-355)™.) +0.55 0 .0 3 )
L ac to se  (250-355)™) -1 .5 ^ 0 .0 8 )
L ac to se +U.91+ 0 .1 5 )
Calcium  s u lp h a te  d ih y d ra te  
(2 5 0 -3 5 5 p i)
- 1 .8 1 0 . 0 8 )
Calcium  s u lp h a te  d ih y d ra te -1 .0 5 0 .0 3 )
Magnesium s t e a r a t e +3.U9 0 .0 3 )
Magnesium s t e a r a t e  L^ + 3.82 0 . 0 U)
Magnesium s t e a r a t e  L^ +1U.0 U 0 . 1 8 )
Magnesium s t e a r a t e  L^ +15.^9 0 .1 5 )
Magnesium s t e a r a t e  L^ +13.37 0 .1 7 )
Magnesium s t e a r a t e  Lg + U.19 0 . 0 U)
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2 .1 .3  P h y s ico -ch em ica l c h a r a c t e r i s t i c s  o f  -powders
2 .1 .3 .1  S u rfa c e  te n s io n  o f  w a te r  s o lu b le  im p u r i t i e s  o f  magnesium s t e a r a t e  
A 5 S sam ple o f  each  d i f f e r e n t  b a tc h  o f  m agnesium  s t e a r a t e ,  was
shaken  in  a  250ml c o n ic a l  f l a s k  w ith  100ml f r e s h ly  p re p a re d  double 
d i s t i l l e d  w a te r  f o r  s ix  h o u rs .  The f l a s k s  h ad  p r e v io u s ly  been  c le a n e d  
w ith  f r e s h ly  p re p a re d  chrom ic a c id  (USP XX/NF, 1980) and  r in s e d  
th o ro u g h ly  w ith  f r e s h l y  p re p a re d  double d i s t i l l e d  w a te r .  The su sp e n s io n  
was a llo w e d  t o  s ta n d  and  s e t t l e  f o r  18  h ou rs  and  th e n  f i l t e r e d  th ro u g h  
a  O.U5pn S a r to r iu s  f i l t e r .  S u rface  te n s io n  was m easu red  by th e  Wilhel;iny 
P la t e  m ethod a t  25°C in  t r i p l i c a t e .  A b la n k  d e te rm in a tio n  u s in g  
doub le  d i s t i l l e d  w a te r  gave a  re a d in g  o f  "J1.6 mN m \  R e s u lts  a re  
shown in  T ab le  2 .3
2 .1 .3 .2  In f ra -R e d  s p e c t r a
About lmg o f  p h e n y to in  and s e p a ra te ly  o f  p h e n y to in  sodium  
was t r i t u r a t e d  w ith  a p p ro x im a te ly  300mg o f  p o ta ss iu m  b ro m id e . The 
p o ta ss iu m  brom ide had  p re v io u s ly  been  d r ie d  o v e r s i l i c a  g e l  to  remove 
r e s id u a l  w a te r .  A f te r  g r in d in g  th e  m ix tu re  th o ro u g h ly , each  powder 
sam ple was s p re a d  u n ifo rm ly  in  a  d ie  13mm in  d ia m e te r  and  com pressed  
-  a t  ap p ro x im a te ly  98,100N t o  form  a  d i s c .  The d is c  was m ounted in  
a  h o ld e r  and th e  IR sp ec tru m  from  2 .5  to  1 .5  ^nn (U ,000 to  670  cm ^ 
wave number) w ave len g th  was re c o rd e d  u s in g  an In f r a -R e d  sp e c tro p h o to m e te r  
(Model 7 8 2 , P e rk in -E lm e r , B e a c o n s f ie ld ,  U .K .) . R e s u l t s  o b ta in e d  a re  
shown in  F ig .  3 .2 .
y
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2 .1 .3 .3  X -ray  powder d i f f r a c t i o n
Ground powder sam ples w ere exposed  to  n ic k e l  f i l t e r e d  copper 
K ©c r a d i a t i o n  from  an  X -ray  g e n e ra to r  ( P h i l ip s  FW1730, Cam bridge,
U .K .) o p e ra te d  a t  a  p o t e n t i a l  d i f f e r e n c e  o f  UOkV and  a  c u r r e n t  o f  20mA. 
The d i f f r a c t e d  X -rays from  th e  powders were d e te c te d  u s in g  a  Xenon 
p r o p o r t io n a l  c o u n te r  ( P h i l i p s  ty p e  FW 19&5) m ounted in  a  v e r t i c a l  X -ray  
d i f f r a c to m e te r  g o n io m ete r ( P h i l ip s  ty p e  FW 1080) and  scanned  a t  a 
r a t e  o f  29 p e r  m in u te . P u ls e s  from  th e  c o u n te r  w ere a m p lif ie d  and 
a n a ly s e d  u s in g  a  P h i l ip s  PW k620 r a te m e te r /c h a n n e l  a n a ly s e r  and 
p l o t t e d  v i a  a  c h a r t  r e c o r d e r .
The c o n d i t io n s  f o r  r e f r a c t i o n  a re  g iv en  by  th e  B ragg e q u a t io n :
nX-  = 2d s in  9 E q u a tio n  2 . 2
where n ,  i s  th e  d i f f r a c t i o n  o rd e r  (n  = 0 , 1 , 2 . . . . ) ;  X ,  i s  th e  wave­
le n g th  o f  th e  in c id e n t  X -rays in  t h i s  ca se  1 .5 ^ l8 S j d , th e  d is ta n c e s  
betw een  th e  a tom ic p la n e s  in  and 9 , th e  a n g le  o f  in c id e n c e  and a l s o  
o f  r e f r a c t i o n  o f  X -ray . The powder d i f f r a c t i o n  p a t t e r n s  f o r  th e  
magnesium s t e a r a t e  powders a re  shown in  F ig . 2 . k .  A l l  th e  b a tc h e s  
o f  magnesium s t e a r a t e  show low  le v e ls  o f  m o le c u la r  o r d e r .
2 .1 .3 .^  D i f f e r e n t i a l  S cann ing  C a lo rim e try  (DSC)
3” 5mg sam ples o f  p h e n y to in  and p h en y to in  sodium  ( i n  th e  d r ie d  
and h y d ra te d  s t a t e s )  w ere a c c u r a te ly  w eighed in to  alum inium  pans and 
s e a le d  by  c rim p in g . The sam ples were h e a te d  in  a  D i f f e r e n t i a l  S cann ing  
C a lo r im e te r  (910 DSC, Dupont (U .K .) L td , S tev e n ag e , U .K .) and  r e s u l t s  
a n a ly se d  by  a  c o m p u te r/th e rm a l a n a ly s e r  (Model 9900 , Dupont (U .K .) L td , ' 
S tev e n ag e , U .K .) . The e x p e r im e n ta l c o n d itio n s  w e re 3 n i t r o g e n  gas flow  : 
30m l/m in; h e a t in g  r a t e  ; 5°C/min and th e  in s tru m e n t was c a l i b r a t e d  
u s in g  th e  m e ltin g  p o in t  o f  indium  as s ta n d a rd . The DSC a p p a ra tu s  r e c o rd s
F ig . 2.U  X-ray powder d if f r a c t io n  data fo r  th e  s i x  b atch es o f
magnesium s t e a r a t e
15
2 THETA DEGREE
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d i r e c t l y  th e  d i f f e r e n c e  in  h e a t  f lu x  o r  power r e q u i r e d  to  m a in ta in  
th e  same te m p e ra tu re  in  th e  sam ple and r e fe re n c e  sy stem  a t  th e  s e t  
h e a t in g  r a t e .  R e s u lts  a r e  shown in  F ig . 3 .3 .
2 .1 .3 .5  S w e llin g  c a p a c i ty
I t  was n o te d  t h a t  com pacted "beds o f  p h e n y to in  sodium  expanded
on c o n ta c t  w ith  w a te r  w ith  th e  e v o lu tio n  o f  h e a t . To m easure th e  s w e ll in g
o b se rv e d , an a c c u r a te ly  w eighed q u a n t i ty  o f  drug  was f i l l e d  in t o  a  5m l
3m e asu rin g  c y l in d e r  and p ack ed  t o  a  volume 2 .5  cm . Powder b e d  p o r o s i ty  
was v a r ie d  by  in c r e a s in g  th e  powder m ass. About two m i l l i l i t r e s  o f  
w a te r  a t  room te m p e ra tu re ,  s u f f i c i e n t  to  w et th e  powder mass was 
s lo w ly  added  t o  th e  c o n s o l id a te d  powder bed  and th e  in c re a s e  in  
volume n o te d  a f t e r  5“10 m in u te s . S e v e ra l d i f f e r e n t  aqueous w e tt in g  
s o lu t io n s  w ere a l s o  s tu d ie d  (T ab le  3 .5 )  3 "the s o lu t io n s  w ere chosen  t o  
s im u la te  p o s s ib le  c o n d i t io n s  w ith in  a  c a p su le  d u r in g  d i s s o lu t i o n  
t e s t i n g  o f  fo rm u la tio n s  e v a lu a te d  l a t e r .  A p h o to m icro g rap h  o f  th e  w et 
powder mass w ere ta k e n  w ith  an  o p t i c a l  m icroscope (Z e is s  U l t r a p h o t ,
C a r l  Z e is s  L td , Welwyn G arden C ity ,  U .K .) , and i s  shown in  F ig .  3 .7*
B in a ry  b le n d s  o f  drug  and  d i lu e n t  powders o f  s i z e  f r a c t i o n s  
250-355jum w ere a l s o  s tu d ie d .  I t  was n o te d  t h a t  when th e  d i lu e n t  
c o n c e n tra t io n s  exceeded  29# no s ig n i f i c a n t  s w e l l in g  occu rred ,T o u t 
th e  a d d i t io n  o f  aqueous s o lu t io n s  caused  drug  p a r t i c l e s  t o  p e r c o la te  to  
th e  b o tto m  o f  th e  g la s s  tu b e .  F u rtherm ore  when l a c to s e  was u sed  a s  
d i l u e n t ,  d i s s o lu t i o n  o f  th e  l a c to s e  p a r t i c l e s  o c c u r re d  so  t h a t  volume 
re a d in g s  a f t e r  w e t t in g  th e  powder bed  w ere much l e s s  th a n  th e  v a lu e  
f o r  powder beds o f  d rug  a lo n e .  The s w e llin g  c a p a c i ty ,  Sc , was c a lc u la te d
a s :
r, _ f i n a l  volume -  i n i t i a l  volume „   0 -3S = ------------------------  Equation
i n i t i a l  volume
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The p o r o s i ty  o r  p e rc e n ta g e  f r a c t i o n a l  v o id a g e , £ ,  in  th e  c o n s o l id a te d  
powder h e d  i s  g iv en  by :
s ' M .
KZ. = 1 ------  E q u a tio n  2 .4
F
w here M, i s  th e  powder mass in  g la s s  tu b e ;  V, th e  i n i t i a l  packed  
volume and ^ P , th e  p a r t i c l e  d e n s i ty .  R e su lts  show ing th e  v a r i a t i o n  i n  
s w e ll in g  c a p a c i ty  o f  a  “bed  o f  p h e n y to in  sodium  as  a  f u n c t io n  o f  p o r o s i ty  
a r e  shown in  F ig . 3 .5 .
2 . 1 .3 .6  S w e llin g  fo rc e
The fo rc e  c r e a te d  d u r in g  th e  s w e llin g  o f  a  p ack ed  b e d  o f  
p h e n y to in  sodium  when w e tte d  by  w a te r  was m easured  u s in g  a  100N lo a d  
c e l l  (G rade B) in  c o n ju n c tio n  w ith  a  m ech an ica l t e s t i n g  in s tru m e n t 
(Type T22K, J J  L loyd  In s tru m e n ts ,  Southam pton, U .K .) o p e ra te d  in  
co m p ress io n . A 300mg sam ple o f  p h e n y to in  sodium  was com pacted in  a  
1 2 .Jnnn d ia m e te r  t a b l e t i n g  d ie  u s in g  a  p i s to n  a t ta c h e d  to  th e  lo a d  
c e l l .  The lo w er fa c e  o f  th e  d ie  r e s t e d  on a  g la s s  s i n t e r  o f  a  
''B aum ann-type’' a p p a ra tu s  p r e v io u s ly  u sed  by  Baumann (19 6 6 ) to  m easure 
t h e  l i q u i d  u p tak e  o f  a  powder b e d . F ig . 2 .5  shows th e  d e s ig n  o f  th e  
a p p a ra tu s  u se d . The th ic k n e s s  o f  5 r e p r e s e n ta t iv e  sam ples o f  com pact 
was m easured w ith  a  m icro m ete r screw  gauge. W ater a t  room te m p e ra tu re  
was in tro d u c e d  in to  th e  g la s s  b e a k e r  co n n ec ted , v i a  a  c a p i l l a r y  tu b e ,  
w ith  th e  g la s s  s i n t e r .  The h e ig h t  o f  th e  p i s to n  in  th e  t a b l e t  d ie  
was h e ld  c o n s ta n t  as w a te r  u p ta k e  and s w e llin g  o c c u r re d ;  t h i s  e n a b le d  
th e  fo rc e  e x e r te d  a g a in s t  th e  p i s to n ,  t h a t  i s  th e  s w e l l in g  f o r c e ,  to  
be d e te c te d  and s to r e d  by  an in -h o u se  d a ta  a c q u i s i t i o n  system  (Model 
B , BBC, Acorn Computer L td , U .K .) . When i n i t i a l  w e t t in g  o f  th e  g la s s  
s i n t e r  o c c u rre d  th e r e  was a t  f i r s t ,  a d e c re a se  in  th e  fo rc e  e x e r te d  on 
th e  p i s to n .  S w e llin g  fo r c e s  were c a lc u la te d  as th e  d i f f e r e n c e  in  v a lu e
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F ig .  2 .6  F o rce  v e r s u s  tim e  p r o f i l e  r e c o rd e d  when v e t t i n g  
•phenyto in  sodium  powder compact





Load c e l l  max 100 N
Load c e l l  m a g n if ic a t io n  0 .1
I n i t .  f o r c e  3«3  N
Peak f o r c e  6 .7  N
Min. f o r c e  ^
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b etw een  th e  maximum f o rc e  e x e r te d  and th e  minimum, fo r c e  re c o rd e d .
F ig .  2 . 6  shows a  t y p i c a l  p lo t  o b ta in e d . T hree d e te rm in a tio n s  w ere 
made a t  each  fo rc e  and r e s u l t s  a re  shown in  F ig .  3 .6  f o r  v a r i a t i o n  o f  
s w e ll in g  fo rc e  w ith  p o ro s i ty  w ith in  com pacted powder b ed .
2 .1 .3 .7  S o lu b i l i t y
The s o l u b i l i t i e s  o f  p h en y to in  sodium , p h e n y to in  and  d i lu e n t
powders w ere d e te rm in e d  u s in g  a  d is s o lu t io n  t e s t  r i g  (Model 6ST,
GB C a le v a , S u n n in g h i l l , U .K .) . Excess powder was w eighed  in to  a
d i s s o lu t i o n  v e s s e l  c o n ta in in g  500ml o f  f r e s h ly  d i s t i l l e d  w a te r  a t  
o25 C and  s t i r r e d  by  means o f  a  p a d d le . Samples w ere ta k e n  and a ssa y e d  
u n t i l  no change in  c o n c e n tr a t io n  w ith  tim e  was o b se rv e d .
C alcium  s u lp h a te  s o lu t io n s  were a ssa y e d  by  t i t r a t i o n  w ith  0.01M 
d iso d iu m  e d e ta te  VS (USP) u s in g  Erichrom e B lack  T in d i c a t o r .  L ac to se  
s o lu t io n s  w ere a n a ly se d  r e f r a c t o m e t r i c a l ly  u s in g  2  dm c e l l s  w ith  sodium  
D - lin e  (M odel AA-10, O p tic a l  A c t iv i ty  L td , Ramsey, U .K .) .  The s p e c i f i c  
r o t a t i o n  <=<1^  f o r  l a c to s e  and D2 w ere 5 2 .5  and 5 2 . 2°  . r e s p e c t iv e ly  
w hich i s  w ith in  th e  l i m i t s  s e t  by  th e  BP ( 5 2 .2 - 5 2 .8 ° ) .  P h en y to in  
s o lu t io n s  w ere a n a ly s e d  by  UV sp ec tro p h o to m e try  a t  232nm (M odel 733, 
P e rk in  E lm er, B e a c o n s f ie ld ,  U .K .) . T ab le  3 .3  shows th e  e q u i l ib r iu m  
s o l u b i l i t y  v a lu e s  f o r  th e  d rug  and d i lu e n t  pow ders.
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2 .2  METHOD MD EQUIPMENT
2 .2 .1  P re p a ra t io n  o f  powder m ixes
The r e q u i r e d  q u a n t i ty  o f  each powder component was a c c u r a te ly  
w eighed  t o  U decim al p la c e s  ( O e r tl in g  B a lan ce , O e r t l in g  L td , O rp in g to n , 
U .K .) on t o  a  s h e e t  o f  p a p e r . The components w ere th e n  m ixed by  
s e r i a l  d i l u t i o n  u s in g  a  n ic k e l  s p a tu la  to  s h e a r  th e  powders on th e  
p la n e  p a p e r  su rfa c e .-  In  th e  case  o f  tw o-com ponent m ix es , m ix in g  was 
c a r r i e d  o u t f o r  5 m in u tes  and a  f u r th e r  5 m inu tes was added where a 
t h i r d  component was ad d ed . The t o t a l  powder w e ig h t o f  powder h a n d le d  
in  each  m ix was l i m i t e d  to  2- 3g ; th e  o b je c t iv e  was t o  en su re  a  
r e p ro d u c ib le  p ro c e s s  in v o lv in g  e x te n s iv e  i n t e r p a r t i c l e  movement w ith o u t 
th e  r i s k  o f  s i z e  r e d u c t io n .  The p ro ced u re  (w a s ' s t a n d a r d i s e d 'to  m in im ise  
e r r o r s  due t o  o p e r a to r  'v a r i a t i o n s .
In  o rd e r  t o  e v a lu a te  th e  e f f e c t  o f  p a r t i c l e  s i z e  on m ix ing  
b e h a v io u r ,  p h e n y to in  sodium , la c to s e  and Dg w ere f r a c t i o n a t e d  by 
s ie v in g  a c c o rd in g  to  BS 1796 (1 9 7 6 ). Calcium  s u lp h a te  r e c e iv e d  
from  th e  m a n u fa c tu re r  was a  r e l a t i v e l y  c o a rse  sam ple o f  s iz e  range  
250 - 850pm, th e r e f o r e  t o  o b ta in  th e  v a r io u s  p a r t i c l e  s i z e s  o f  i n t e r e s t ,  
th e  c o a rse  sam ple was g round  u s in g  a  m o rta r and p e s t l e ,  and  f r a c t i o n a t e d  
by  s ie v in g .  For each  d i l u e n t ,  th r e e  s iz e  f r a c t i o n s  w ere c o l le c t e d :  
^U5jum; 90-125jum and 250-355>mi.
2 .2 .2  P r e p a ra t io n  and s to ra g e  o f  c a p su le s
The a p p ro p r ia te  powder o r  powder mix was f i l l e d  " in to  c o lo u r le s s  
t r a n s p a r e n t  h a rd  g e l a t i n  c a p su le s  ( s i z e  2 , D avcaps, Gwent, U .K .) by 
tam ping  th e  c a p su le  body in to  a  powder bed  u n t i l  t h e  d e s i r e d  w e ig h t 
h ad  been  o b ta in e d .  The cap was th e n  a p p l ie d  t o  th e  body and th e  s h e l l  
was g e n t ly  r o t a t e d  to  d i s t r i b u t e  th e  powder th ro u g h o u t th e  c a p s u le  s h e l l .
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D is s o lu t io n  t e s t i n g  was c a r r i e d  o u t im m ed ia te ly , ex c e p t f o r  c a p su le s  
where th e  e f f e c t  o f  p ro lo n g e d  s to ra g e  and r e l a t i v e  h u m id ity  was to  be  
t e s t e d ,  when th e  c a p su le s  w ere s to r e d  in  a  d e s ic a to r  o v e r  s i l i c a  g e l  
o r  o v e r s a tu r a t e d  s o lu t io n s  o f  a p p ro p r ia te  s a l t s ,  t o  p ro v id e  r e l a t i v e  
h u m id i t ie s  o f  0 ,  55 o r 86$ . C apsules were s to r e d  f o r  1 ,  2 ,  U o r  8 
weeks b e fo re  d i s s o lu t i o n  t e s t i n g  was c a r r i e d  o u t .  M o is tu re  u p ta k e  o r  
lo s s  f o r  th e  empty o r  f i l l e d  c a p su le s  were a l s o  m o n ito re d  by  --
w eigh ing  and r e s u l t s  a r e  shown in  T able 3 .1 0 .
2 .2 .3  D is s o lu t io n  s tu d ie s
2 .2 .3 .1  A ssay o f  p h e n y to in
P h en y to in  h a s  no s p e c i f i c  UV a b s o rp tio n  in  a c i d i c  o r  a l k a l in e  
medium. A low a b s o r p t i v i t y  a t  256nm, t y p i c a l  o f  b e n z e n o id  drugs 
im p lie s  t h a t  a s s a y s  c o u ld  n o t b e  perfo rm ed  a t  t h a t  w aveleng th .. By 
th e  u se  o f  s e c o n d -d e r iv a t iv e  sp e c tro sc o p y  a  w av e len g th  minimum was 
found  a t  232nm, w hich o ccu rs  o n .a  sh o u ld e r  o f  th e  a b s o rp t io n  s p e c t r a  
and e x p la in s  why some w orkers  (Neuvonen e t  a l ,  1977* Dunn, 1982) have 
found i t  s u i t a b l e  f o r  a s s a y  o f  p h e n y to in .
To d e te rm in e  th e  B eer-L am b ert1s r e l a t i o n s h i p  f o r  p h e n y to in  
sodium , s o lu t io n s  o f  lOOmg p h en y to in  sodium in  1000ml s ta n d a rd  
b o r a te  b u f f e r  pH 9*0 (BP, 1980) were p re p a re d . A bsorbance re a d in g s  
were ta k e n  on a  733 P e rk in  Elmer sp e c tro p h o to m e te r  u s in g  1cm m atched 
c e l l s .  D ilu t io n s  w ere made such t h a t  th e  ab so rb an ce  re a d in g s  f e l l  
w ith in  th e  0 .0 5  t o  0 .7  ab so rb an ce  u n i t s .  The ra n g e  was ex ten d ed  t o  
0 .0 5 , a lth o u g h  t h i s  i s  o u ts id e  th e  l i m i t  f o r  maximum s e n s i t i v i t y ,  
b ecau se  o f  th e  low c o n c e n tra t io n s  o f  p h en y to in  f o r  w hich c e r t a in  
a n a ly se s  were r e q u i r e d ;  f o r  exam ple, fo rm u la tio n s  c o n ta in in g  a  h ig h  
p ro p o r tio n  o f  d i l u e n t .  The s o lu t io n s  were sam pled and f i l t e r e d  
th ro u g h  a  0.U5pm S a r to r iu s  f i l t e r  a f t e r  i n i t i a l l y  ch ec k in g  t h a t  th e
-  9U -
f i l t e r  was i n e r t  and  d id  n o t cause a d s o rp tio n  o f  th e  d ru g . F resh
s o lu t io n s  in  b o r a te  b u f f e r  w ere p re p a re d  by  sh ak in g  lOOmg o f  th e
p h e n y to in  sodium  w ith  g e l a t i n  ca p su le  s h e l l ,  and e i t h e r  1 . 9 g o f
l a c to s e  o r  ca lc iu m  s u lp h a te  d ih y d ra te  to  co n firm  t h a t  th e s e
fo rm u la tio n  components n e i th e r  c o n t r ib u te d  to  th e  UV a b s o rp tio n
n o r  ad so rb ed  th e  d rug  from  s o l u t io n s . S o lu tio n s  w ere a ls o  p re p a re d
. t o  c o n ta in  130mg la c to s e  o r  ca lc iu m  s u lp h a te  d ih y d ra te  and 5%
magnesium s t e a r a t e .  S im i la r  s o lu t io n s  w ere p re p a re d  c o n ta in in g
e i t h e r  130mg ca lc iu m  c h lo r id e  (F iso n s  S c i e n t i f i c  E quipm ent,
Loughborough, U .K .) o r  d ib a s ic  calcium ^ ph o sp h a te  d ih y d ra te  (Em com press,
Edward M endell I n c . ,  New Y ork, U .S .A .) .  C o r r e la t io n  and r e g r e s s io n
a n a ly s i s  were c a r r i e d  o u t on th e  r e s u l t s  to  o b ta in  th e  g r a d ie n t  o f
1  %th e  s lo p e  and th e  p e rc e n ta g e  a b s o rp tio n  c o e f f i c i e n t ,  (T ab le  2 . 8 ) .
The p re se n c e  o f  d i lu e n ts  d id  n o t c o n t r ib u te  s i g n i f i c a n t l y  to  
th e  a b so rb an ces  o b se rv ed  and th e  B eer-L am b ertfs r e l a t i o n s h i p  was
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obeyed in  th e  c o n c e n tra t io n  ran g e  from  0 .2 5  t o  3 .0  x  10 % The
1  %
^lcm  va*^ue ^o r sodium  in  b o r a te  b u f f e r  was 210. A s im i la r
p ro ced u re  w a s -fo llo w e d  f o r  p h en y to in  u s in g  in s te a d  92mg. p h e n y to in . -
1/5The v a lu e  f o r  p h e n y to in  w as' 236 .
2 .2 .3 • 2  A ppara tu s s u i t a b i l i t y  t e s t i n g
The USP r e q u i r e s  t h a t  th e  equipm ent f o r  d i s s o lu t i o n  t e s t i n g  i s  
t e s t e d  f o r  perfo rm ance  u s in g  two ty p e s  o f  d i s s o lu t i o n  c a l i b r a t o r s .
The d i s s o lu t io n  a p p a ra tu s  u se d  (Model 6ST, GB C a lev a , S u n n in g h il l ,  U .K .) 
c o n s i s t s  b a s i c a l l y  o f  a  r o t a t i n g  paddle" and a  ro u n d -b o tto m ed  o n e - l i t r e  
d i s s o lu t io n  f l a s k  in  a  w a te r  b a th .  S p e c i f ic a t io n s  f o r  th e  d i s s o lu t i o n  
a p p a ra tu s  a re  g iv e n  in  th e  USP (1980) . The c a l i b r a t o r s  a re  a  d i s in t e g r a t i n g  
p red n iso n e  t a b l e t  and a  n o n - d is in te g r a t in g  s a l i c y l i c  a c id  t a b l e t .
Table 2 .8  Beer-Lambert*s r e la t io n s h ip  fo r  phenytoin sodium so lu t io n s
A bsorbance o f  p h en y to in  sodium s o lu t io n s
_o
% conc . x 10 a f t e r  f i l t r a t i o n w ith  1 . 9 s  l a c to s e w ith  1 . 9g CaS0 1| 2H20 w ith  130mg CaClg w ith  130mg Emcompress
3 .0 0 .6 3 1 0 .6 3 0 O .6 3 I* 0 .6 3 2 -
2 .5 0 .525 0 . 52U 0.532 0 .5 3 1 0 .532
2 .0 0 . 1*20 0 . 1*20 0.1*25 O.U25 0 . 1*26
1 .5 0 .3 1 8 0 .3 1 7 0 .3 1 8 0 .319 0 .3 2 1
1 .0 0 .2 0 8 0.209 0 .2 2 0 0 .2 2 1 0 .2 2 1
0 .5 0 .10k 0 .1 0 6 0 .1 1 2 0 .1 1 2 0 .1 1 2
0 .25 0 .055 0 . 05U 0 .0 5 6 0.055 0 .0 5 6
c o r r e l a t i o n
c o e f f i c i e n t ^ 0 .999 0.999 0.999 0.999 0 .999
G rad ien t o f  
s lo p e 2 1 0 .0 209 .5 2 0 9 .6 209 .1 2 1 0 . 1*
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F or p re d n iso n e  t a b l e t s  (L o t F , G laxo, W are, U .K .)* th e  
d i s s o lu t i o n  a p p a ra tu s  was o p e ra te d  a t  50 and 100  rpm u s in g  900ml o f  
d e a e ra te d  w a te r  a t  37 ~ 0 .5 °C . Samples were ta k e n  a t  30 m in u tes  and 
th e  d rug  c o n te n t was d e te rm in e d  by  UV a n a ly s i s  a t  2U2nm. D is s o lu t io n  
t e s t i n g  o f  s a l i c y l i c  a c id  c a l i b r a t o r s  (L o t G, G laxo , W are, U .K .) was 
c a r r i e d  o u t in  900ml o f  0.05M p h o sp h a te  b u f f e r  pH 7*^ ~ 0 .0 5  (USP, 1980) 
and a s sa y e d  a t  296nm by  UV a n a l y s i s .  S ix  r e p l i c a t e  m easurem ents w ere 
p e rfo rm ed  s im u lta n e o u s ly  f o r  each  fo rm u la tio n .
The a p p a ra tu s  was found  s u i t a b le  s in c e  th e  in d iv id u a l  v a lu e s  
c a l c u la t e d  f o r  p re d n iso n e  t a b l e t s  f e l l  w ith in  th e  ra n g e s  51 r 77# a t  
50 rpm and 68-85# a t  100 rpm as  s p e c i f i e d  by  th e  USP. F or th e  
s a l i c y l i c  a c id  t a b l e t s ^ t h e  av e rag e  f o r  th e  s i x  r e p l i c a t e s  w ere 
w i th in  th e  lk-23% w ith  s ta n d a rd  d e v ia t io n  l e s s  th a n  h% a t  50 rpm 
and w ith in  17” 30# w ith  s ta n d a rd  d e v ia tio n s  a l s o  l e s s  th a n  k% a t  100  rpm.
2 .2 .3 .3  Method
The d i s s o lu t io n  medium u se d  was f r e s h ly  p re p a re d  d e a e ra te d  
s ta n d a rd  b o r a te  b u f f e r  pH 9*0. The pH o f  th e  s o lu t io n  was checked  
to  w ith in  0 .0 5  u n i t s  w ith  a  pH m e te r (Model PW 9^+10, Pye Uni cam L td , 
C am bridge, U .K .) b e fo re  u s e .  One l i t r e  o f  th e  d i s s o lu t i o n  medium was 
p la c e d  in  each  o f  th e  d i s s o lu t i o n  v e s s e ls  and e q u i l i b r a t e d  t o  37 ~ 0 .5 °C . 
C apsu les w e ig h ted  by  copper h e l i c a l  c o i l s  o f  u n ifo rm  w e ig h t were 
dropped  in to  d i s s o lu t i o n  v e s s e ls  and th e  r o t a t i o n  o f  th e  p a d d le s  a t  
50 rpm was s t a r t e d  im m ed ia te ly . I n i t i a l  s tu d ie s  a t  h ig h e r  r o t a t i o n a l  
speeds showed t h a t  a g i t a t i o n  c o n d it io n s  were to o  s e v e re  le a d in g  to  
la c k  o f  d is c r im in a t io n  betw een fo rm u la tio n s .  At 5* 1 0 , 15* 30, U5»
6 0 , 90  and 120  m in u tes  o r  o th e r  s u i t a b le  i n t e r v a l s ,  10ml sam ples were 
removed th ro u g h  a  s t a i n l e s s - s t e e l  can n u la  u s in g  a  s y r in g e .  The sam ple
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rem oved was f i l t e r e d  th ro u g h  a  0*.U5 p a  S a r to r iu s  f i l t e r  t o  remove 
u n d is s o lv e d  d rug  p a r t i c l e s .  Each sam ple rem oved was r e p la c e d  w ith  ' 
f r e s h  d i s s o lu t i o n  medium a t  37 -  0 .5°C  to  keep th e  volume in  th e  
v e s s e l s  c o n s ta n t .  D is s o lu t io n  was c a r r i e d  o u t t o  co m p le tio n  f o r  
each  t e s t  and  5 c a p su le s  w ere t e s t e d  f o r  each fo rm u la t io n .  The amount 
o f  d rug  in  each  sam ple was ■ d e te rm in ed  s p e c t r o p h o to m e t r ic a l ly , a f t e r  
d i l u t i o n  when n e c e s s a ry ,  a t  232nm u s in g  10mm m atched  c e l l s .
D uring  th e  d i s s o lu t i o n  ru n  w ith  fo rm u la tio n s  c o n ta in in g  
p h e n y to in  sodium , a  s lo w ly  d is s o lv in g  p r e c i p i t a t e  was o b se rv e d  t o  form  
a t  th e  b o tto m  o f  th e  v e s s e l .  U sing IR and  SEM com bined w ith  X -ray  
a n a l y s i s ,  t h i s  p r e c i p i t a t e  was i d e n t i f i e d  as  p h e n y to in .  The p r e c i p i t a t e  
was a l re a d y  form ed w ith in  5 m inu tes o f  com m encing. th e  d i s s o lu t io n  ru n .  To 
f u r t h e r  e lu c id a t e  th e  m agnitude o f  t h i s  e f f e c t ,  d i s s o lu t i o n  t e s t i n g  
was s to p p e d  a t  5 m in u tes  and  th e  q u a n t i ty  o f  p h e n y to in  a s sa y e d .
The p r e c i p i t a t e  from  a l l  f iv e  v e s s e ls  was c o l l e c t e d  b y  a l lo w in g  a l l  
a g g re g a te s  from  d is p e r s e d  c a p su le  c o n te n ts  t o  s e t t l e ,  c a r e f u l ly  
d e c a n tin g  a s  much o f  th e  d i s s o lu t io n  medium a s  p o s s ib le  and t r a n s f e r r i n g  
th e  su sp e n s io n  to  a  l60m l s e p a r a to r .  P h en y to in  was e x t r a c te d  and 
a ssa y e d  a c c o rd in g  t o  th e  USP (1985) m ethod. E x t r a c t io n  was a c h ie v e d  
w ith  20ml o f  a  1  in  2 p a r t s  m ix tu re  o f  e th e r  in  ch lo ro fo rm  and com ple ted  
w ith  10ml s u c c e s s iv e  p o r t io n s  o f  th e  e th e r -c h lo ro fo rm  m ix tu re  u n t i l  a  
sm a ll p o r t io n  o f  th e  e x t r a c t  d id  n o t le a v e  a  r e s id u e  when e v a p o ra te d  
on a  w atch  g l a s s .  The com bined e x t r a c t  was sh ak en , f i l t e r e d  and th e  
f i l t r a t e  was d r ie d  i n  a  r o t a r y  e v a p o ra to r  u nder vacuum (R110,
R o tav ap o u r, B u ch i, U .K .) . The p h en y to in  c o n te n t was a s sa y e d  
t i t r i m e t r i c a l l y  b y  d is s o lv in g  th e  d r ie d  e x t r a c t  in  25ml d im e th y l 
form am ide, ad d in g  3 d rops o f  a z o - v io le t  i n d i c a to r  and  t i t r a t i n g  w ith  
0.01N sodium  m ethox ide  VS to  a  b lu e  e n d -p o in t .  P re c a u t io n s  were 
o b se rv ed  a g a in s t  th e  a b s o rp tio n  o f  a tm o sp h eric  ca rb o n  d io x id e .  Each
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ml o f  0 . 01N sodium  m ethoxide i s  e q u iv a le n t  to  2 . 52mg o f  p h e n y to in .
The r e s u l t s  sire shown in  F ig . 3 .1 ^ .
F o r c a p s u le s  c o n ta in in g  c a lc iu m  s u lp h a te  d ih y d ra te  as 
d i l u e n t ,  d i lu e n t  p a r t i c l e s  w ere u n d is so lv e d  a f t e r  60 m inu tes o f  
d i s s o lu t i o n  t e s t i n g .  To check i f  any p h en y to in  h ad  b een  ad so rb ed  
on t o  th e  s u r fa c e  o f  th e  d i l u e n t ,  a  sample o f  t h e  u n d is s o lv e d  
d i l u e n t  was ta k e n ,  w ashed c a r e f u l ly  w ith  d i s t i l l e d  w a te r  and 
vacuum d r ie d  a t  60°C. The c a lc iu m  s u lp h a te  p a r t i c l e s  w ere th e n  
exam ined by  SEM com bined w ith  X -ray  a n a ly s i s .  The m ethod i s  
d is c u s s e d -u n d e r  S e c t io n  2 . 2 . k  and  r e s u l t s  shown i n  F ig .  3*15•
2 .2 .3 * U M ixing and fo rm u la tio n  f a c to r s  e v a lu a te d
C apsu le fo rm u la tio n s  o f  p h e n y to in  sodium o r  p h e n y to in  w ere 
p re p a re d  in  v a r io u s  ways t o  s tu d y  th e  e f f e c t  o f  th e  fo llo w in g  
fo rm u la tio n  and p ro c e s s in g  v a r ia b le s  on i n - v i t r o  d i s s o lu t i o n .
I  S ing le -com ponen t f o rm u la t io n s : •
( i )  The e f f e c t  o f  in c re a s e d  p ack in g  d e n s ity  o f  p h e n y to in  sodium  |in  
,ai 'c a p su le  on d i s s o lu t i o n  was s tu d ie d  by  in c r e a s in g  th e  f i l l  w eig h t 
o f  c a p su le  from  50 to  UOOmg.
( l i )  The e f f e c t  o f  p h e n y to in  sodium  p a r t i c l e  s i z e  on d i s s o lu t io n  
was e v a lu a te d  u s in g  s i e v e - s i z e d  f r a c t io n s  l e s s  th a n  b^jm,  63“90p n , 
9 0 -1 2 5jum and 125~l80pm. The f i l l  w e ig h t o f  c a p s u le s  was 300mg.
( i i i )  The e f f e c t  o f  p ro lo n g e d  s to ra g e  a t  v a r io u s  h u m id ity  l e v e l s  
on d i s s o lu t i o n  o f  c a p s u le s  was s tu d ie d  on c a p su le s  c o n ta in in g  300mg 
o f  p h e n y to in  sodium . C apsu les w ere s to r e d  a t  25°C f o r  0 , 1 , 2 , U and 
8 weeks a t  e i t h e r  0 , 55 o r  86% r e l a t i v e  h u m id ity .
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I I  Two-component fo rm u la tio n s
( i )  The e f f e c t  o f  d i l u e n t  ty p e  was s tu d ie d  on d i s s o lu t i o n  o f
c a p s u le s  c o n ta in in g  lOOmg p h e n y to in  sodium and 130mg d i l u e n t .  The 
d i lu e n t s  u sed  w ere l a c to s e  D^» ca lc iu m  s u lp h a te  d ih y d ra te  D^s 
d ib a s ic  ca lc iu m  p h o sp h a te  o r  ca lc iu m  c h lo r id e .  The ca lc iu m  s a l t s  
w ere chosen  to  p ro v id e  a  ran g e  o f  ca lc ium  d i lu e n t s  o f  v a ry in g  
s o l u b i l i t i e s .
( i i )  The e f f e c t  o f  d i lu e n t  ty p e  was s tu d ie d  on th e  d i s s o lu t io n  o f
92mg p h e n y to in  and 119mg d i l u e n t .  This was done to  compare th e
e f f e c t  o f  change in  ch em ica l form  o f  th e  drug  from  th e  sodium  s a l t  
to  th e  f r e e  a c id .
( i i i )  The e f f e c t  o f  in c r e a s in g  th e  p ro p o r t io n  o f  d i l u e n t  ( l a c to s e  
D^, Dg o r  c a lc iu m  s u lp h a te  D^) on th e  d i s s o lu t io n  o f  p h e n y to in  sodium . 
The two d i lu e n ts  w ere chosen  from  th o se  u sed  in  I l ( i )  a s  model 
s o lu b le  and in s o lu b le  d i l u e n t s .  C apsule f i l l  w e ig h t was m a in ta in e d  
a t  300mg.
( iv )  The e f f e c t  o f  p a r t i c l e  s iz e  o f  th e  d i f f e r e n t  d i l u e n ts  was 
a l s o  s tu d ie d .  S iev ed  s iz e  f r a c t io n s  o f  d i lu e n ts  l e s s  th a n  U5pm» 
90 - 125 i^m and 250 - 355pm v e re  u se d .
(v ) The e f f e c t  o f  h u m id ity  and  s to ra g e  on th e  d i s s o lu t i o n  o f  
p h en y to in  sodium  c a p s u le s  c o n ta in in g  7 0 mg p h e n y to in  sodium  and  130mg 
d i lu e n t  . D ilu e n ts  u sed  were la c to s e  o r  ca lc iu m  s u lp h a te
and p a r t i c l e  s iz e  was 250 - 355pni.
I I I  T hree-com ponent fo rm u la t io n s :
( i )  The e f f e c t  o f  in c r e a s in g  c o n c e n tra t io n  o f  magnesium s t e a r a t e  
( 0 . 05#» 0 . 5$ and 5# on th e  d is s o lu t io n  o f  p h e n y to in  sodium  from  
c a p su le s  c o n ta in in g  lOOmg drug  and 130mg o f  th e  d i f f e r e n t  d i l u e n ts  
l a c to s e  o r  ca lc iu m  su lp h a te  .
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( i i )  The in f lu e n c e  o f  magnesium s te a r a te  from d if f e r e n t  b atch es
and  so u rc e s  on th e  d i s s o lu t io n  o f  p h en y to in  sodium  from  c a p su le s
c o n ta in in g  lOOmg d ru g , 130mg d i lu e n t  ( l a c to s e  o r  c a lc iu m  s u lp h a te
D.-), and  1 2 . ling ( i . e .  5#) magnesium s t e a r a t e .
P
( i i i )  (a )  The in f lu e n c e  o f  m ix ing  sequence on th e  d i s s o lu t io n  from  
c a p s u le s  c o n ta in in g  lOOmg p h en y to in  sodium , 130mg d i l u e n t  ( l a c to s e  
o r  c a lc iu m  s u lp h a te  D^) and  a  ran g e  o f  l u b r i c a n t  c o n c e n tr a t io n s  
(0 .0 5 ,  0 .5  and 5*0# ^  ) .  Where lu b r i c a n t  (L) was added  to  a  b in a ry  
b le n d  P-D, o f  p h e n y to in  sodium  (P) and d i lu e n t  (D ) , th e  m ix ing  
sequence  i s  r e f e r r e d  t o  as  P-D-L. When d i lu e n t  was f i r s t  in  
c o n ta c t  w ith  lu b r i c a n t  th e  sequence i s  d e s c r ib e d  a s  D -L-P , w h i l s t  
th e  code P-L-D r e f e r s  to  th e  ca se  where th e  l u b r i c a n t  was f i r s t  m ixed 
w ith  th e  d ru g .
( i i i )  (b) To e x a g g e ra te  some o f  th e  d i f f e r e n c e s  o b se rv e d  in  
d i s s o l u t i o n ,  s tu d y  I I l ( i i i ) ( a )  was ex ten d ed  t o  u se  f i n e  d rug  p a r t i c l e s  
(<U5jum) an d -a  c o a rs e  s i z e  f r a c t i o n  (250-355^m) o f  d i l u e n t .  The d i lu e n t  
p ro p o r t io n  was v a r ie d  from  0 t o  95#
2 .2 .3 .5  T rea tm en t o f  r e s u l t s
From th e  ab so rb an ce  re a d in g s  th e  c o n c e n tr a t io n  o f  d ru g  in  
each  d i s s o lu t io n  t e s t  sam ple was c a lc u la te d  u s in g  th e  B ee r-L am b ert’s 
r e l a t i o n s h i p ,
1 #A = E_ . c . 1 E q u a tio n  2 .5lcm
1  a t
where A, i s  th e  a b so rb a n c e ; ^*icm* Pe rc e n "t a Se -a b s o rp t io n  c o e f f i c i e n t ;  
c ,  t h e  c o n c e n tr a t io n  and 1 , th e  p a th le n g th .  As s u c c e s s iv e  sam ples w ere 
ta k e n  from  th e  v e s s e l ,  t h e  a c tu a l  c o n c e n tr a t io n  o f  d rug  d is s o lv e d  h ad  
to  be  c o r r e c te d  by  ad d in g  th e  c o n c e n tra t io n  o f  th e  sam ple w ithdraw n
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p r e v io u s ly .  The d i s s o lu t i o n  p r o f i l e  was fo llo w e d  by  p l o t t i n g  th e  
p e rc e n ta g e  drug  d is s o lv e d  a g a in s t  tim e . The p e rc e n ta g e  d is s o lv e d  in  
30  m in u tes  was re c o rd e d  a s  as i t  was found t o  d is c r im in a te
s a t i s f a c t o r i l y  betw een  th e  fo rm u la tio n s  u sed . R e s u l ts  w ere th e n  
a s s e s s e d  by  a n a ly s i s  o f  v a r ia n c e .  The r e s u l t s  w ere a l s o  t r e a t e d
Woo
a c c o rd in g  to  th e  m ethod o f  K itazaw a e t  a l  (1977) w hereby lo g  --------------
e ( w ^ -  Wt )
i s  p l o t t e d  a g a in s t  tim e .-  r e p re s e n ts  th e  amount d is s o lv e d  a t
com ple te  d i s s o lu t i o n ;  W , th e  amount d is s o lv e d  a t  t im e ,  t ;  and 
Woo” W , th e  amount u n d is s o lv e d  a t  t .
2 .2 .U  S cann ing  E le c t r o n  M icroscopy w ith  X -ray  a n a ly s i s
In  SEM a  f i n e  beam o f  e le c t r o n s  5~50 keV i s  cau sed  to  scan  
a c ro s s  a  sam p le , th e s e  e l e c t r o n s  i n t e r a c t  w ith  sam ples p ro d u c in g  
seco n d a ry  e l e c t r o n  e m is s io n s , back  s c a t t e r e d  e l e c t r o n s ,  X -ra y s , 
l i g h t  o r  c a th o d lu m in is c e n c e . The X -rays e m itte d  c o n s i s t  o f  backg ro u n d  
X -rays w hich a re  p ro d u ced  as  a  r e s u l t  o f  Coulombic i n t e r a c t i o n  and 
c h a r a c t e r i s t i 'c  X -rays  w hich a re  th e  r e s u l t  o f  i n n e r - e l e c t r o n  
io n i s a t i o n .  S in ce  th e  e l e c t r o n i c  in t e r a c t io n s  in v o lv e  e l e c t r o n  
o r b i t a l s  o f  d i s c r e t e  e n e r g ie s ,  which a re  s p e c i f i c  f o r  a  p a r t i c u l a r  
e le m e n t, th e  em iss io n  o f  a  p a r t i c u l a r  X -ray can b e  u se d  f o r  th e  
d e te c t io n  o f  a  p a r t i c u l a r  e lem en t in  a  sam ple. N orm ally  Koo r a d i a t i o n s  
a re  u sed  f o r  a n a ly s i s  o f  e lem en ts  w ith  a tom ic number 11 up t o  32. The 
r e l a t i v e  i n t e n s i t i e s  o f  th e  c h a r a c t e r i s t i c  X -ray s  depend on th e  mass 
f r a c t i o n s  o r  c o n c e n tra t io n s  o f  th e  e m itt in g  e lem en ts  and th e r e f o r e  
p ro v id e  a  b a s i s  f o r  q u a n t i t a t i v e  a n a ly s i s .  T h is  i s  n o rm a lly  done 
by  th e  m easurem ent o f  th e  a b s o lu te  X -ray i n t e n s i t y  from  th e  unknown 
and com paring t h i s  m easurem ent w ith  th e  a b s o lu te  X -ray  i n t e n s i t y  
from  a  s u i t a b l e  s ta n d a rd  made under i d e n t i c a l  in s t ru m e n ta l  c o n d i t io n s .
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N orm ally , X -ray  a n a ly s i s  o f  sam ples i s  r e s t r i c t e d  to  sam ples 
w hich  a r e  f l a t  and p la c e d  a t  known an g le s  t o  th e  e l e c t r o n  beam . In  
th e  a n a ly s i s  o f  powder p a r t i c l e s  o r  rough b u lk  sam ples w here th e  
s u r f a c e  c h a r a c te r  i s  o f  i n t e r e s t ,  c o n v e n tio n a l sam ple p r e p a r a t io n ,  
i n v o lv in g , f o r  exam ple, c u t t in g  and  p o l i s h in g  w i l l  d e s tro y  th e  
s u r f a c e  p r o p e r ty .  However, X -rays e m itte d  from  such  i r r e g u l a r l y  
sh ap ed  s u r f a c e s  a r e  in f lu e n c e d  by  th e  "geom etry" o f  th e  s u r f a c e  
le a d in g  t o  e f f e c t s  t h a t  a r e  dependen t on m ass, a b s o rp t io n  and  
f lu o r e s c e n c e .  Mass e f f e c t s  p roduce a  r e d u c t io n  in  m easured  X -ray  
i n t e n s i t y ,  due to  e l e c t r o n s  e sc a p in g  from th e  s id e  o f  a  specim en 
s u r f a c e .  A b so rp tio n  e f f e c t s  a r e  due to  d i f f e r e n c e s  in  th e  a b s o rp t io n  
p a th le n g th  o f  X -rays p roduced  from  w ith in  tbe sam ple com pared w ith  
th o s e  from  th e  s u r f a c e .  The c h a r a c t e r i s t i c  X -ray  i n t e n s i t y  e m itte d  
by  an  e lem en t may a l s o  b e  enhanced  by  seco n d ary  X -ray  f lu o re s c e n c e  
p ro d u ced  by  e x c i t a t i o n  o f  a n o th e r  e lem en t, w ith in  th e  b u lk  sam ple .
These secondary  r a d ia t io n s  a r e  u s u a l ly  s ig n i f i c a n t  when heavy e lem en ts  
a re  p r e s e n t  in  a  m a tr ix  o f  o th e rw ise  l i g h t  e le m e n ts . N e v e r th e le s s ,  
f o r  rough  b u lk  specim ens th e  d im ensions o f  th e  sam ple a re  u s u a l ly  
la r g e  enough to  ab so rb  any seco n d ary  em iss io n s  an d , in  t h i s  c a s e ,  
f lu o re s c e n c e  e f f e c t s  a r e  n o t g e n e r a l ly  s i g n i f i c a n t .  V arious m ethods 
e x i s t  t o  com pensate f o r  th e s e  e f f e c t s  b u t  th e  p e a k -to -b a c k g ro u n d  
r a t i o  o f  S tra th am  (1979) and- Sm all e t  a l  (1979; 1980) have shown th e  
m ost p rom ise (G o ld s te in  et_ a l , 1 9 8 1 ). B oth th e  c h a r a c t e r i s t i c  and 
backg round  X -ra y s , though  p roduced  by  d i f f e r e n t  e f f e c t s  a r e  p roduced  
w ith in  n e a r ly  th e  same volume (mass e f f e c t )  an d , f u r t h e r ,  show s im i la r  
a b s o rp t io n  e f f e c t s .  T h e re fo re ,  th e  background  i n t e n s i t y  can  b e  u sed  
as an i n t e r n a l  s ta n d a rd .  The r a t i o  o f  th e  n e t  c h a r a c t e r i s t i c  e le m e n ta l 
i n t e n s i t y  to  th e  t o t a l  background  s ig n a l ,  t h a t  i s  th e  p e a k -to -b a c k g ro u n d
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r a t i o  jp /b ,  h a s  been  u sed  s u c c e s s f u l ly  f o r  th e  a n a ly s i s  o f  rough 
p a r t i c l e s  such as  p y r i t e ,  t a l c  and  z in c  s u lp h id e .
Two ty p e s  o f  in s tru m e n ts  a re  a v a i la b le  f o r  d e te c t io n  o f  
X -rays e m it te d ,  th e  en e rg y  d is p e r s iv e  sp e c tro m e te r  EDS, o r  th e  
w av e len g th  d is p e r s iv e  sp e c tro m e te r  WDS. In  th e  EDS, a l l  o r  m ost o f  
th e  X -rays e m it te d  by  th e  d is p e r s in g  system  a r e  c o l l e c t e d  by  a  
d e t e c to r  and  a n a ly se d  in  te rm s o f  th e  energy  o f  th e  incom ing X -ray 
p h o to n . W ith th e  WDS. sy stem , an X -ray s p e c tro m e te r  c o n s i s t in g  o f  an 
a n a ly s in g  c r y s t a l  d is p e r s e s  th e  X -rays by d i f f r a c t i o n  in  acco rd an ce  
w ith  th e  B ragg e q u a t io n .  The d i f f r a c t e d  X -rays a r e  th e n  c o l l e c t e d  
and a n a ly s e d  by  p l o t t i n g  X -ray  i n t e n s i t y  a g a in s t  th e  B ragg a n g le .
2 .2 .U .1  Powder p r e p a r a t io n  f o r  SEM
A sam ple o f  powder o r  o f  powder mix was g e n t ly  ta p p e d  down on 
t o  m e ta l s tu b s  p re v io u s ly  c o a te d  w ith  carbon  dag (P o la ro n  Equipm ent 
L td , W atfo rd , U .K .) . The powders were t r a n s f e r r e d  when th e  dag h ad  
begun t o  d ry , t o  a v o id  p a r t i c l e s  from  s in k in g  in to  th e  dag . S tubs 
w ere p la c e d  u n d er a  g o ld  p l a t e  in  a  specim en cham ber (Model S150B, 
Edwards S p u t te r  C o a te r ,  C raw ley , U .K .) and c o a te d  w ith  g o ld  u s in g  
th e  s p u t t e r in g  te c h n iq u e .  The c o a t in g  o f  n o n -co n d u c t iv e  p a r t i c l e s  
re d u c e s  h e a t  damage by  th e rm a l e f f e c t s  o f  th e  e l e c t r o n  beam and  
a l s o  e l im in a te s  th e  b u i l d  up o f  s u r fa c e  charge  w hich can i n t e r f e r e  
w ith  im aging and a n a l y s i s .  The specim en chamber was f i r s t  e v a c u a te d  
t o  abo u t 2  x  10 ^ b a r  t o  d ry  th e  sam ple and cham ber, and a rgon  
gas in t ro d u c e d  u n t i l  th e  p re s s u re  was s t a b i l i s e d  a t  8 x  10  ^ b a r .
A h ig h  p o t e n t i a l  d i f f e r e n c e ,  1 .3 - 1 .^  keV, was a p p l ie d  a c ro s s  th e  g o ld  
p l a t e  t o  p roduce a  glow d is c h a rg e .  Under th e s e  c o n d i t io n s ,  a rgon  
atoms a re  io n i s e d  and s t r i k e  th e  g o ld  p la te  c a u s in g  atom s o f  g o ld  
t o  be e j e c te d  w hich form s a  un ifo rm  c o a t on th e  s tu b  s u r f a c e .
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The th ic k n e s s  o f  th e  f i lm  form ed i s  c o n t r o l le d  by  th e  m agnitude 
o f  t h e  a p p l ie d  v o l t a g e ,  d is c h a rg e  c u r re n t  10mA) and  d u ra t io n  o f  
th e  p r o c e s s . F iv e  m in u tes  c o a t in g  tim e was found  t o  h e  s u f f i c i e n t  
f o r  a  s u i t a b l e  c o n d u c tiv e  c o a t to  b e  form ed w ith o u t l o s s  in  i n t e n s i t y  
o f  X -rays e m it te d  from  p a r t i c l e s .  The m e ta l s tu b s  w ere th e n  h e ld  in  
a  sam ple h o ld e r  u s in g  screw s and in tro d u c e d  in to  th e  specim en chamber 
o f  t h e  sc a n n in g  e le c t r o n  m icroscope th ro u g h  an  e v a c u a te d  a i r  lo c k .  
D ry ing  o f  th e  sam ple i s  e s s e n t i a l  s in c e  e l e c t r o n s  p ro d u ced  w ith in  th e  
e l e c t r o n  m icroscope  a re  r e a d i ly  s c a t t e r e d  by  w a te r .  A lso , th e  h ig h  
vacuum env ironm ent o f  th e  m icroscope makes th e  u se  o f  w et specim ens 
d i f f i c u l t .
2 .2 .U .2  Q u a l i ta t iv e  and q u a n t i t a t iv e  a n a ly s is
To e x p la in  some o f  th e  d i f f e r e n c e s  in  d i s s o lu t i o n  p r o f i l e s
o b se rv e d , i t  was n e c e s s a ry  to  o b ta in  b o th  a  v i s u a l ,  q u a l i t a t i v e  and
q u a n t i t a t i v e  a sse ssm en t o f  th e  s p a t i a l  arrangem ent o f  th e  p a r t i c l e s
in  powder m ixes w hich w ere p acked  in to  c a p s u le s .  I t  was o f
p a r t i c u l a r  i n t e r e s t  t o  i d e n t i f y  w hether o rd e re d  u n i t s  h ad  b een
form ed in  powder m ix es . F o rm u la tio n s  c o n ta in in g  2 5 0 - 3 5 5 s iz e
d i lu e n t  w ere exam ined. P h en y to in  sodium and magnesium s t e a r a t e  w ere
d e te c te d  by  e m iss io n s  from  Na and Mg io n s  r e s p e c t iv e l y .  D ilu e n t
p a r t i c l e s  w ere e a s i l y  i d e n t i f i e d  by  s i z e .  T h e o r e t ic a l ly  th e
+ 2 +c o n c e n tr a t io n s  by  w eig h t o f  Na and Mg b e in g  d e te c te d  m  p h e n y to in  
sodium  and magnesium s t e a r a t e  powders w ere 8 .0 2  and k,H%  r e s p e c t iv e l y .
I n i t i a l l y ,  q u a l i t a t i v e  a n a ly s is  o f  th e  p a r t i c l e s  w ith in  th e  
powder mix was u n d e rta k e n  u s in g  a  WDS system  (733 S u p e rp ro b e , J e o l ,  
Tokyo, Jap an ) b e c a u se  o f  th e  low e le m e n ta l c o n c e n tr a t io n s  in v o lv e d .
The o p e ra t in g  c o n d i t io n s  o f  th e  m icroscope w ere b a s e d  on a  w ork ing  .
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d is ta n c e  o f  11mm, an a c c e le r a t in g  v o lta g e  o f  15&V, a  beam c u r r e n t  o f
- 7  .
0 .5  x  10 A and a  p ro o e  s iz e  on th e  s u r ia c e  o f  th e  d i lu e n t  e q u iv a le n t
2 . . .t o  125pm . The m ethod th ough  o f f e r in g  good r e s o lu t io n  and s e p a r a t io n  o f
c h a r a c t e r i s t i c .  X -rays from  background  r a d i a t i o n ,  was v e ry  te d io u s
and  s lo w ; t y p i c a l  a n a ly s i s  tim e f o r  a  s in g le  p ro b e  a r e a  was 15“30
m in u tes  . The la c to s e  s u r fa c e s -e x p o s e d  to  h ig h  beam c u r r e n ts  f o r
such  lo n g  c o u n tin g  tim e s  te n d e d  to  g e t damaged, due t o  .
o v e rh e a t in g .  A lso in  a  WDS system , th e  s p e c tro m e te rs  a re  p o s i t io n e d  •
a t  v a r io u s  a n g le s  a ro u n d  th e  sam ple; X -rays e m it te d  may th e r e f o r e
t r a v e l  d i f f e r e n t  a b s o rp t io n  p a th s  from  a  rough s u r f a c e  to  th e  d e t e c to r
and  th e  m easurem ents a re  p a r t i c u l a r l y  s e n s i t i v e  t o  th e  a lig n m en t
o f  a  p a r t i c l e  in  r e l a t i o n  to  th e  d e te c to r  p o s i t i o n .  T h e re fo re
an en erg y  d is p e r s iv e  sp e c tro m e te r  (EDAX, E D A X .Int., P r a i r i e  View,
U .S .A .) was u se d  f o r  q u a n t i t a t i v e  a n a ly s i s ,  a l th o u g h  th e  c a p a b i l i ty
f o r  d e te c t io n  o f  e lem en ts  was much low er th a n  when u s in g  th e  WDS.
The o p e ra t in g  c o n d it io n s  o f  th e - e le c t r o n  m icroscope ( J e o l  35C, J e o l ,
Tokyo, Jap an ) in v o lv e d  a  w ork ing  d is ta n c e  o f  39nnn, an  a c c e le r a t in g
v o lta g e  o f  lQhV, a  beam c u r r e n t  o f  7 x  10 ^ A  and  a  p ro b e  a r e a  on
2th e  specim en s u r fa c e  o f  125pm . The e le c t r o n  beam was fo c u s se d  a t  
random on a  d i lu e n t  s u r f a c e  and th e  X -ray coun t c o l l e c t e d  f o r  50 
s e c o n d s .
The number o f  X -rays which a re  p roduced  and  w hich i n t e r a c t
w ith  r a d i a t i o n  d e te c to r s  in  a  g iv en  tim e  a re  random b u t  have a  f ix e d
mean v a lu e .  A p lo t  o f  number o f  X -ray coun ts  a g a in s t  energ y  i d e a l l y
conform s to  a  norm al (G au ssian ) d i s t r i b u t i o n .  I f  N co u n ts  a re  re c o rd e d
f o r  a  p a r t i c u l a r  a r e a ,  th e  s ta n d a rd  d e v ia t io n ,  CT, i s  g iv e n  by  th e
sq u a re  r o o t  o f  N and th e  s ta n d a rd  e r r o r ,  SE, by  ^~c . Thus th e  h ig h e r
N
th e  co u n t o b ta in e d  th e  lo w er -the e r r o r  m arg in . T h is  can  n o rma l l y  be 
a c h ie v e d  by  u s in g  lo n g  c o u n tin g  tim es w henever p o s s i b le .  L ac to se
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s u r f a c e s  were damaged by  th e  e l e c t r o n  beam as  m en tio n ed  ab o v e , and  lo o s e ly
h e ld  a d h e re n t p a r t i c l e s  s h i f t e d  as a r e s u l t  o f  th e  en e rg y  im p a rte d
by th e  e l e c t r o n  beam. F u rth e rm o re , in s tru m e n ta l  d r i f t  o ccu rs  on
lo n g  ex p o su re  t im e s ,  th u s  a  compromise o f  50 seconds h ad  to  b e  u sed .
+  2+P ea k -to -b a c k g ro u n d  r a t i o s  w ere c a lc u la te d  f o r  Na and Mg by  
a  b u i l t  in  m icrocom puter a f t e r  background  l e v e l s  h ad  b een  f i t t e d .
The r a t i o  p /b  was c a lc u la te d  as  th e  r a t i o  o f  th e  number o f  peak  
c h a r a c t e r i s t i c  co u n ts  t o  t h e  background  coun t on th e  Kvt  en erg y  ch an n e l 
(F ig .  2 . 8 ) .  Twenty p robe  a re a s  w ere c h a r a c te r i s e d  f o r  each  powder 
m ix. The p /b  r a t i o  g iv e s  a  m easure o f  drug and lu b r i c a n t  c o n c e n tr a t io n  
on th e  s u r f a c e  o f  t h e  d i lu e n t  p a r t i c l e s . R e s u lts  w ere a s s e s s e d  by  
a n a ly s i s  o f  v a r ia n c e .
The p /b  a n a l y t i c a l  te c h n iq u e  was u sed  t o  c h a r a c te r i s e  sam ples 
from  th e  v a r io u s  s e r i e s  o f  powder m ixing  ex p erim en ts  in  o rd e r  to  
o b ta in  th e  fo llo w in g  in fo rm a tio n :
1 . The e f f e c t  o f  in c r e a s in g  c o n c e n tra t io n s  o f  p h e n y to in  sodium 
( 0 ,  5 , 1 0 , 20 and  30$) on th e  amount o f  drug  a d h e r in g  to  th e  d i lu e n t
V  D2 or V
2 . • The e f f e c t  o f  in c r e a s in g  c o n c e n tra t io n s  o f  magnesium s t e a r a t e  
(0 ,  0 .5 ,  1 .0 ,  2 .5 ,  5 and 10%>) on th e  amount o f  l u b r i c a n t  a d h e r in g  
to  th e  d i lu e n t  D^, o r  D ^.
3. The e f f e c t  o f  add ing  in c re a s in g  amounts o f  magnesium s t e a r a t e
( 0 .5 ,  1 .0 ,  2 .5  and 5$ W/ ) to  a  tw o-com ponent mix c o n ta in in g  95% d i l u e n t ,w4
fo llo w in g  a  P-D-L m ix ing  seq u en ce , on th e  amount o f  d ru g  and  lu b r i c a n t  
a d h e r in g  on th e  d i l u e n t  D^, o r  D^.
U. The e f f e c t  o f  ad d in g  0.5% magnesium s t e a r a t e  t o  b in a ry  m ixes o f
drug  and la c to s e  o r  c o n ta in in g  d i f f e r e n t  am ounts o f  d i l u e n t .
The d i lu e n t  c o n c e n tra t io n s  w ere 80, 90 and 95% W/  •w
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5 . The e f f e c t  o f  m ix ing  sequence D-L-P, P-L-D and  P-D-L (d e f in e d  
i n  S e c t io n  2 .2 .3 .^ »  page 98  ) on th e  amount o f  d rug  and  lu b r i c a n t  
a d h e r in g  to  th e  d i lu e n t  s u r f a c e .  L u b ric a n t and  d i lu e n t  c o n c e n tr a t io n s  
w ere 0 .5  and 95$ /  r e s p e c t iv e ly .
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F ig .  2 .7  D e f in i t io n  o f  p e a k -to -b a c k g ro u n d  r a t i o ,  p /b ,  u se d  in  th e  
EDAX sy stem , p ,  i s  th e  n e t  c h a r a c t e r i s t i c  X -ray  coun t on 
th e  K<* en e rg y  l i n e  and  b ,  th e  b ack g ro u n d  co u n t- The Ke<
+ 2+e n e rg y  l i n e s  f o r  Na and Mg a re  l .O U l and 1 .2 5 3  heV 
r e s p e c t iv e l y
C O U N T S
E N E R G Y
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3 . RESULTS AND DISCUSSION
3 .1  PHENYTOIN SODIUM -  WATER INTERACTION
3 .1 .1  H y g ro sc o n ic ity
F ig u re  3 .1  shows th e  m o is tu re  s o r p t io n  is o th e rm  f o r  p h e n y to in  
sodium . The p e rc e n ta g e  o f  w a te r  ab so rb ed  in c re a s e d  w ith  in c re a s in g  
RH p a s s in g  th ro u g h  a  p la te a u  a t  abou t 55“ 75I  RH in d i c a t i n g  th e  
fo rm a tio n  o f  a  s t a b l e  h y d ra te  w ith  th e  w a te r  c o n te n t c o rre sp o n d in g  
to  U m oles o f  w a te r  p e r  mole o f  _ p h en y to in  'sodium . I s h ig u ro  e t  a l  
( 1 9 5 8 ) have r e p o r te d  th e  e x is te n c e  o f  mono-, t e t r a - ,  h e p t a - ,  o c t a - ,  
and  h e n d e c a h y d ra te s  o f  p h e n y to in  sod ium jhu t ;in . t h i s  ,'work o n ly  th e  t e t r a h y d r a t e  
was d is t in g u is h a b le  in  te rm s o f  th e  s o rp t io n  is o th e rm .
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3 .1 .2  In f ra -R e d  s p e c t r a
A t y p i c a l  IR sp ec tru m  f o r  p h en y to in  sodium  when s to r e d  u nder 
75% RH and  h a v in g  so rb e d  U m oles o f  m o is tu re  i s  shown in  F ig . 3 .2 a .
The b ro a d  band  a t  3600-3200 cm 1 i s  due t o  th e  h y d ro x y l group 
and  th e  amido group  V j^ .  The p re se n c e  o f  th e  h y d ro x y l peak  a t  
3600cm ^  in d i c a te s  t h a t  w a te r  m o lecu les  a r e  p ro b a b ly  bound and n o t 
e x tra n e o u s  to  t h e  l a t t i c e  s t r u c t u r e .  The band  a t  l600cm  ^ i s  due 
t o  th e  c a rb o n y l g roup  'O a t  th e  k c a rb o n y l p o s i t i o n  ( r e f e r  
F ig .  1 .1 b ) and  a t  l6 l0cm  ^ t o  th e  v ib r a t io n  o f  th e  N=C-0 g roup .
Peaks a p p e a r in g  a t  1770 > 1750 and 1720cm ^ in d i c a te  t h a t  p h en y to in  
h as  been  p r e c i p i t a t e d  due to  r e a c t io n  e i t h e r  w ith  w a te r  m o lecu le s  
o r  a tm o sp h e ric  carb o n  d io x id e .  F ig . 3*2b shows th e  IR spec tru m  
f o r  d r ie d  p h e n y to in  w hich e x h ib i t s  t y p i c a l  c a rb o n y l v ib r a t io n s  
a t  th e  1770cm ^ and a l s o  a t  1750 and 1715cm U su a lly  in  s o l i d  
s t a t e  s p e c t r a ,  bound w a te r  m o lecu le s  may a l s o  show weak a b s o rp tio n  
w i th in  th e  ran g e  16U0 to  l6 l5 cm  However, f o r  h y d ra te d  p h e n y to in  
sodium  sam ples due t o  th e  two s tro n g  peaks in  t h i s  r e g io n ,  t h i s  peak 
co u ld  n o t b e  d e te c te d .
3 .1 .3  D i f f e r e n t i a l  S cann ing  C a lo rim e try
The DSC cu rv es  f o r  p h en y to in  sodium  h y d ra te s  a r e  shown in  
F ig . 3 .3 .  F o r pow ders w hich h ad  so rb ed  23-26% w a te r  e q u iv a le n t  to  
a p p ro x im a te ly  U m oles o f  w a te r  p e r  mole o f  p h en y to in  sodium , th r e e  
b ro a d  en d o th erm ic  peaks w e re ,observ ed  from  50~93°C. Peak te m p e ra tu re s  
w ere o b se rv e d  a t  62 , 83  and 93°C (F ig .  3 .3 a ) .  The f i r s t  peak  i s  
p ro b ab ly  due t o  th e  co n v e rs io n  o f  a  c r y s t a l  h y d ra te  t o  a  lo w er h y d ra te  
and th e  fo rm a tio n  o f  a  s o lu t io n  s a tu r a te d  w ith  t h i s  new p h a se . W ith
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F ig .  3 .2  I n f r a - r e d  s p e c t r a  o f
(a )  F h en y to in  sodium  s to r e d  u nder 73% RH
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f u r t h e r  in c re a s e  in  te m p e ra tu re ,  th e  .low er h y d ra te  m e lts  a t  83°C 
t o  an anhydrous form  and a  s o lu t io n  from  which w a te r  i s  l o s t  a t  
93°C. I s h ig u ro  e t  a l  (1958) u sed  a  d i f f e r e n t i a l  te n s io m e te r  o p e ra te d  
a t  d i f f e r e n t  te m p e ra tu re s  t o  m easure th e  d i s s o c i a t i o n  and vapour 
p r e s s u r e s  o f  p h e n y to in  sodium  h y d ra te s ;  th e  m ono-, t e t r a - ,  h e p t a - ,  
o c t a -  and  h e n d e c a h y d ra te  w ere found . T ra n s i t io n  te m p e ra tu re s  f o r  
th e  h e n d e c a -  to  o c ta h y d ra te ,  o c ta -  t o  h e p ta h y d ra te  and h e p t -  t o  
t e t r a h y d r a t e  w ere r e p o r te d  a t  3 7 -6 , 1+5.2 and 51*3°C r e s p e c t iv e l y .
The peak  te m p e ra tu re  a t  62°C (F ig . 3 .3 a ) th e r e f o r e  i n d i c a te s  a 
t r a n s i t i o n  o f  th e  t e t r a -  to  m onohydrate and th e  peak  a t  83°C, 
th e  c o n v e rs io n  o f  th e  m onohydrate t o  th e  anhydrous fo rm . F ree  
m o is tu re  e v a p o ra te s  a t  93°C.
For sam ples c o n ta in in g  28-1+0# w a te r ,  a  t y p i c a l  DSC curve 
o b ta in e d  i s  shown in  F ig . 3 .3 b . A sh a rp  en d o th erm ic  peak  from  
1+5 t o  52°C w ith  peak te m p e ra tu re  a t  1+9°C and two b ro a d  peaks from  
58 t o  80°C and 80 to  95°C w ere o b se rv ed . Thus a lth o u g h  th e  m o is tu re  
s o r p t io n  cu rve  (F ig .  3 .1 ) does n o t show th e  fo rm a tio n  o f  s t a b l e  
h y d ra te s  w ith in  t h i s  r e g io n ,  DSC cu rv es  do p ro v id e  such  e v id e n c e .
Peak te m p e ra tu re  a t  1+9°C i s  p ro b a b ly  due t o  th e  c o n v e rs io n  o f  th e  
h e p ta -  t o  t e t r a h y d r a t e .  The b ro a d  endotherm  shown a t  58 t o  80°C 
ap p ea rs  t o  b e  due to  two u n re so lv e d  peaks and i s  p ro b a b ly  a  co m b in a tio n  
o f  endo therm ic  t r a n s i t i o n s  o f  t e t r a -  t o  m onohydrate and  m onohydrate 
t o  anhydrous s t a t e .
F or sam ples c o n ta in in g  53# V/  w a te r ,  th e  DSC cu rv e  o b ta in e d  i sw
shown in  F ig . 3 .3 c .  W ater c o n te n t in d ic a te s  t h a t  th e  sam ple o b ta in e d  
m ight b e  th e  o c ta h y d ra te ,  however th e  sh a rp  en d o th erm ic  peak  o b ta in e d  
a t  31.5°C  in d ic a te s  t h a t  th e  h en d ecah y d ra te  i s  a l s o  p r e s e n t .  Four
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o th e r  b ro a d  endotherm s o c c u rre d  betw een  UO~95°C w ith  peak te m p e ra tu re s  
a t  UT, 6 l ,  TU and  86°C . D eh y d ra tio n  th e r e f o r e  ap p ea rs  .to  fo llo w  th e  
sequence h e n d e c a - to  h e p ta h y d r a te , m onohydrate t o  anhydrous form  
w ith  in te rm e d ia te  fo rm a tio n  o f  th e  t e t r a h y d r a t e .  I t  i s  p o s s ib le  
t h a t  th e  s h o u ld e r  o b ta in e d  a t  k9°C i s  due t o  an u n re so lv e d  peak 
a lth o u g h  th e  c o l la p s e  o f  th e  powder sam ple in  th e  alum inium  pan 
may cause  a  s im i la r  e f f e c t .
F ig . 3 .3 d  shows th e  DSC curve  f o r  p h e n y to in  sodium  sam ple as  
r e c e iv e d  from  th e  m a n u fa c tu re r  c o n ta in in g  l .k%  o f  w a te r .  (T ab le  2 .6 )  
T hree b ro a d  endotherm s a re  o b se rv ed  be tw een  30 and 95°C in d i c a t in g  
t h a t  h y d ra te s  o f  p h e n y to in  sodium  w ere p r e s e n t  in  th e  sam p le . The 
en d o th erm ic  t r a n s i t i o n  a t  35°C in d i c a te s  t h a t  th e  h en d ec ah y d ra te  was 
p r e s e n t .  P a r t i a l  h y d ra t io n  o f  th e  p h e n y to in  sodium  c o u ld  w e l l  have 
o c c u rre d  d u rin g  s to ra g e  and t r a n s p o r t  s in c e  th e  d rug  i s  h y g ro sc o p ic .
The m a n u fa c tu re rs  do n o t th e r e f o r e  c la im  t h a t  th e  d rug  i s  an h y d ro u s.
When p h e n y to in  sodium  had  been  s a tu r a t e d  w ith  w a te r  th e  DSC 
cu rv es  o b ta in e d  v a r ie d  w ith  h e a t in g  r a t e .  At a  v e ry  low h e a t in g  
r a t e  o f  l°C /m in  (F ig .  3 .3 e )  th e  d e h y d ra tio n  o f  th e  low er h y d ra te s  
was shown more c l e a r ly  by  d i s t i n c t  peaks th a n  in  th e  ca se  o f  th e  
h ig h e r  h y d r a te s .  When th e  h e a t in g  r a t e  was in c re a s e d  t o ' 2 .5  and 5°C/ 
min (F ig .  3 .3 g  and f )  d e h y d ra tio n  o f  th e  h ig h e r  h y d ra te  was now more - 
d i s t i n c t . D eh y d ra tio n  o f  wet p h e n y to in  sam ples p ro b a b ly  o ccu rs  th ro u g h  
d e h y d ra tio n  o f  th e  h e n d ec ah y d ra te  w ith  th e  fo rm a tio n  o f  lo w er h y d r a te s .
3.1.J+ X -ray powder d i f f r a c t i o n
The X -ray  powder d i f f r a c t i o n  p a t t e r n  f o r  p h e n y to in  sodium  
showing th e  changes in  c r y s t a l l i n e  s t r u c t u r e  a s s o c ia te d  w ith  an 
in c re a s e  in  w a te r  c o n te n t a re  shown in  F ig . 3 .U . Tbere i s  a  p ro g re s s iv e
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F ig .  3 .3  DSC curves  f o r  h y d ra te s  o f  Phenyto in  sodium
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d e c re a se  in  i n t e n s i t y  o f  m ost peaks w ith  in c re a s in g  w a te r  c o n te n t ,  
s u g g e s t in g  a  d e c re a se  in  c r y s t a l l i n i t y . A ty p i c a l  X -ray d i f f r a c t i o n  
p a t t e r n  f o r  sam ples s to r e d  a t  5 5 » 67 an<  ^ T5$ and  c o n ta in in g  20- 26% 
w a te r  i s  shown in  F ig . 3 .H b. There a re  d i s t i n c t  d i f f e r e n c e s  in  t h i s  
p a t t e r n  as  com pared t o  F ig . 3 .Ha f o r  th e  d r ie d  p h e n y to in  sodium . The 
m ost obv ious d i f f e r e n c e s  o c c u rre d  in  th e  range  5~15°  on th e  a b s c is s a  
(20  d e g re e s ) .  T his p a t t e r n  co rresp o n d s to  th e  t e t r a h y d r a t e  as 
d is c u s s e d  u n d er h y g ro s c o p ic i ty  (S e c tio n  3 .1 .1 )  and  DSC (S e c tio n  3 .1 .3 ) .  
The d i f f r a c t i o n  p a t t e r n  o b se rv ed  in  t h i s  re g io n  was unchanged when 
th e  sam ple was h e a te d  t o  50 -  0 .5°C  s u p p o r tin g  th e  e v id en ce  o b ta in e d  
u s in g  DSC w hich showed t h a t  th e  t r a n s i t i o n  to  th e  m onohydrate o c c u rre d  
aro u n d  60°C.
•  • •  r \ t  WF o r p h e n y to in  sodium  c o n ta in in g  28% ^  w a te r ,  t h e  d i f f r a c t i o n  
p a t t e r n  (F ig .  3 . He) was s im i la r  to  th e  t e t r a h y d r a t e  (F ig .  3.Hb) ex ce p t 
t h a t  peaks o c c u rre d  w i th in  th e  r e g io n  12-15°  on th e  a b s c i s s a .  T his 
ev id en ce  o f  c r y s ta l lo g r a p h ic  change i s  p ro b a b ly  due t o  p a r t i a l  
c o n v e rs io n  t o  a  h ig h e r  h y d ra te .  When th e  w a te r  c o n te n t in c re a s e d  to  
30# (F ig .  3.Hd),  t h e  peaks in  th e  29 degree  ran g e  o f  12-15 was 
now more p ronounced  w h i l s t  th e  peak a t  20 e q u a l t o  5*2 d eg rees  was 
l o s t  o r  s h i f t e d  t o  a  lo w er a n g le .  A lso  e x t r a  pea&s ap p ea red  w ith in  
th e  ran g e  20 e q u a l t o  2H-28° .
When sam ples c o n ta in e d  k0% w a te r ,  th e  d i f f r a c t i o n  p a t t e r n  
was m arked ly  changed as shown in  F ig . 3 .He; t h i s  i s  p ro b a b ly  due to  
th e  fo rm a tio n  o f  th e  h e p ta h y d ra te  as in te p r e te d  from  th e  DSC c u rv e s . 
X -ray  d i f f r a c t i o n  p a t t e r n  o b serv ed  f o r  s a tu r a t e d  powder sam ples a t  
room te m p e ra tu re  a re  shown in  F ig . 3 .Hf co rre sp o n d in g  t o  th e  
h e n d e c a h y d ra te .
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F ig . 3.b X -ray d i f f r a c t i o n  p a t te r n s  fo r  p h en y to in  sodium showing
changes in  c r y s t a l l i n e  s t r u c tu r e  on in c re a s e  in  w a te r c o n te n t ,  
(a )  d r ie d  sample (b) 20- 26% w/ w (c ) 2Q% ( d) 30%


























Table 3*1 Powder d i f f r a c t i o n  d a ta  f o r  p h en y to in ,  pheny to in  sodium 
and i t s  h y d ra te s
Phenyto in  
( p la t e s )
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Table 3*1 continued
29
d eg ree s
P h en y to in  
( p la te s )
P h en y to in  
sodium 
(anhydrous)
P h en y to in
sodium
kx2o
P hen y to in
sodium
7H2o




d , A ^ o
0
d , A ^ o
o
d , A o
HH d , 1 H H
-
O d , 2 I/X o
20-25
1+.1+1+ 1+3
1+.1+7 23 U.51 39 1+.1+8 15
1+.28 6k 1+ .30 33 1+.30 28 1+.30 11
U.1 7 69 1+.23 50 1+ .19 28 1+.18 3
1+.06 30 k.O 6 32 1+ .09 69 1+.09 9
1+.00 22 3 .98 k6 k .00 6U 3.9 8 62
3 .9 3 39 3 .9 1 15 3 .95 100
3 .90 5k 3 .8 8 31. 3 .8 8 23
3 .83 37 3 .85 20 3 .8 6 30
3.79 100 3 .79 15 3 .77 1+
3 .70 6 3 .7 3 15 ,3.72 11
25-30 3-59 2 3 .65 25 3 .6 2 6 l 3 .6 1 21
3 .5 ^ 39 3 .51 11 3.U9 29 3 .5 2 15
3.1+1 10 3.1+1 IT 3.1+1 38 3.1+0 1+0
3 .3 3 13 3 .32 15 3 .3 1 13 3.31+ 60 3 .33 50
3 .27 11 3.25 11+ 3.25 12
3 .2 1 11 3 .1 8 22 3 .1 8 5
3 .1 6 5 3.1U 2 3 .1 6 17
3 .1 1 3 3 .09 31 3 .1 1 Ik
-  1 2 2  -
The l a t t i c e  d -sp a c in g s  c a lc u la te d  from  th e  Bragg e q u a tio n  
(E q u a tio n  2 .2 ,  page 8 6 )  and th e  r e l a t i v e  i n t e n s i t i e s  a re  p re s e n te d  
in  T ab le  3-1- d -sp a c in g s  c o rre sp o n d  to  d is ta n c e s  w ith in  p la n e s
in  t h e  l a t t i c e  s t r u c t u r e  and th e  i n t e n s i t y  o f  th e  r e f l e c t e d  beam i s  
p r o p o r t io n a l  t o  th e  p ro d u c t o f  th e  i n t e n s i t y  o f  th e  in c id e n t  beam 
and  th e  c o n c e n tr a t io n  o r  d e n s i ty  o f  e le c t r o n s  in  th e  p la n e .  L a t t i c e  
d -sp a c in g s  f o r  p h e n y to in  w hich p o s se sse d  a  p l a t e - l i k e  h a b i t  have been  
in c lu d e d  in  T ab le  3 .1  f o r  com parison , and a l s o  t o  show p o s s ib le  
l a t t i c e  d -sp a c in g s  in  th e  sam ples o f  p h en y to in  sodium  and i t s  h y d ra te s  
w hich may b e  due t o  th e  p re se n c e  o f  th e  f r e e  a c id .  G e n e ra lly  m ost 
o f  th e  peaks ap p ea red  to  s h i f t  s l i g h t l y  o r  som etim es d is a p p e a re d  
on h y d r a t io n .  H owever, peaks o c c u rr in g  a t  5 .8 6 , 5.63> ^*58 , U .7 6 ,
U .28 , U .lTs 3 .59  and  3-32A ap p ea red  in  a l l  th e  h y d ra te s  and  anhydrous 
form  s tu d ie d .  These sp a c in g s  r e f e r  to  l a t t i c e  d is ta n c e s  w hich a re  
unchanged d u rin g  h y d r a t io n .  O v e ra l l ,  a lth o u g h  d i f f e r e n c e s  in  X -ray 
d i f f r a c t i o n  d a ta  a re  o b se rv e d , m ost o f th e  d i f f e r e n c e s  a re  o n ly  
s l i g h t . The m ost d i s t i n c t  d i f f e r e n c e s  o c c u rre d  in  th e  lo n g e r  d - s p a c e s . 
I t  i s  p o s s ib le  t h a t  on h y d ra t io n  w a te r  m o lecu les  a re  in c o rp o ra te d  
in to  h o le s  o r  betw een  la y e r s  w ith in  th e  l a t t i c e  s t r u c t u r e  c a u s in g  
s l i g h t  d i s t o r t i o n s  in  bond le n g th s .
3 .1 .5  S w e llin g  c a p a c i ty  and  s w e ll in g  fo rc e s
Compacted beds o f  p h en y to in  sodium  p a r t i c l e s  s w e ll  on c o n ta c t  
w ith  w a te r .  F ig .  3 .5  shows a p lo t  o f  s w e llin g  c a p a c i ty  (E q u a tio n  2 .3» 
page 88) v e rsu s  p o r o s i ty  o f  th e  powder b ed . These r e s u l t s  in d i c a te  
t h a t  th e r e  i s  a  s i g n i f i c a n t  in v e rs e  c o r r e l a t i o n  betw een  s w e ll in g  
c a p a c i ty  and p o r o s i ty  w ith in  th e  powder b ed  in  th e  r e g io n  0 .8 0  t o  O .5 5 .
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W ith an  in c re a s e  in  p ack in g  f r a c t io n -  e q u iv a le n t  to  a  d e c re a se  in  
p o r o s i ty ,  th e  s w e ll in g  c a p a c ity  was in c re a s e d .  When th e  fo rc e  
e x e r te d  d u rin g  s w e ll in g  was m easured i t  was o b se rv ed  t h a t  f o r  powder 
beds o f  p o r o s i t i e s  betw een  about 0 .8 0  t o  O .6 5 , as th e  p o r o s i ty  
d e c re a se d  th e r e  was a  l i n e a r  in c re a s e  in  th e  s w e ll in g  fo rc e  (F ig .  3 .6 ) .
S w e llin g  fo rc e . ' ap p ea red  t o  approach  a  l i m i t in g  v a lu e  w ith  f u r th e r  
r e d u c t io n  in  p o r o s i ty .
P h en y to in  sodium  powder in  th e  d ry  s t a t e  c o n s i s t s  o f  a g g re g a te s  
and ag g lo m era te s  o f  f in e  n e e d le - l ik e  p a r t i c l e s  (F ig .  2 .1 a ) .
I t  i s  a l s o  h y g ro sc o p ic  (S e c tio n  3 .1 .1 ) .  Thus, in  a d d i t io n  t o  th e  
e f f e c t  o f  th e  f in e  p a r t i c l e  s iz e  w hich w i l l  cause  c o n s id e ra b le  
p a r t i c l e  i n t e r a c t i o n  due t o  London-Van d e r  Waals f o r c e s ,  i t  i s  to  be  
e x p e c te d  t h a t  s u r f a c e  m o is tu re  and s o l i d  b r id g in g  w i l l  a l s o  c o n t r ib u te  
c o n s id e ra b ly  t o  c o h e s iv e  bond ing  betw een powder p a r t i c l e s .  The 
h y d ro p h il ic  n a tu r e  o f  th e  powder a llo w s p a r t i c l e s  to  b e  e a s i l y  w e tte d
by aqueous f l u i d .  E xam ination  o f  w et powder sam ples (F ig .  3 .7 )  shows*•
powder p a r t i c l e s  to  b e  w e ll  d is p e rs e d  y e t  fo rm  a c o n tin u o u s  
n e tw o rk . These p a r t i c l e s  a re  th e  h en d ec ah y d ra te  and a re  n e e d le - l ik e  
in  s h a p e .
When c e r t a i n  powders in  th e* fo rm  o f  p a r t i c l e  a g g re g a te s  and 
ag g lo m era tes  a r e  d is p e r s e d  in  an. aqueous medium, th e  l i q u i d  f i r s t  
p e n e t r a te s  in to  ch an n e ls  w ith in  th e  a g g lo m e ra te s . T h is  cau ses  
e x p u ls io n  o f  a i r  and p ro v id e s  ex ce ss  p re s s u re  w hich b r in g s  ab o u t th e  
d is p e r s io n  o f  p a r t i c l e s  (H e e r t je s  and W itv o e t, 1 9 7 0 ). Powder b eds  o f  p h e n y to in  
sodium , w ere o b se rv e d  to  sw e ll t o  th e  same e x te n t  w h e th e r w e t t in g  in  a  
d e s ic a to r  u n d er vacuum o r  a t  am bient p r e s s u r e ,  in d i c a t in g  t h a t  th e  e x p u ls io n  
o f  a i r  d id  n o t acco u n t f o r  th e  d is p e r s io n  e f f e c t .  P ro b a b ly , th e
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F ig . 3 .$  The in f lu e n c e  o f  p o ro s i ty  o f  com pacted beds o f  p h e n y to in  














F ig . 3 .6  The in f lu e n c e  o f  p o r o s i ty  o f  com pacted b ed s  o f  
p h e n y to in  sodium  on m easured  s w e ll in g  fo rc e s  







P o r o s i  t y
Fig 3.7 Photomicrograph of wet Phenytoin sodium particles.
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h y d ra t io n  o f  p a r t i c l e s  to  h en d ecah y d ra te  cau ses  p a r t i c l e s  to  e x p e r ie n c e  
r e p u ls iv e  ; . h y d ra tio n  fo r c e s  in  th e  w et s t a t e  and t h i s
w ould a cc o u n t f o r  th e  o b se rv ed  d is p e r s io n  and ex p an sio n  o f  th e  powder 
b e d . I t  i s  a l s o  l i k e l y  t h a t  in c o rp o ra t io n  o f  w a te r  m o lecu les  i n to  
th e  l a t t i c e  s t r u c t u r e  o f  p h en y to in  sodium c r y s t a l s  cau ses  le n g th e n in g  
o f  bonds i n . t h e  l a t t i c e  a lo n g  c e r t a in  p la n e s ,  c a u s in g - p a r t i c l e  • 
d im ensions to  in c r e a s e .  'Whatever mechanism i s  r e s p o n s ib le  f o r  th e  
o b se rv ed  s w e l l in g ,  th e  fo rc e  o f  ex p an s io n  o r s w e ll in g  i s  much lo w er 
in  b eds  o f  h ig h  p o r o s i ty  due t o  th e  h ig h  i n t e r p a r t i c l e  v o id a g e . As 
th e  p o r o s i t i e s  d e c r e a s e s ,  im proved i n t e r p a r t i c l e  c o n ta c t  a llow s 
s w e ll in g  fo r c e s  t o  b e  t r a n s l a t e d  th ro u g h  th e  powder b ed  w ith  a 
r e s u l t a n t  in c re a s e  i n  th e  m easured  f o r c e .  When th e  powder b ed  was 
com pacted s t i l l  f u r th e r  i n t e r p a r t i c l e  fo rc e s  a r e  m arkedly  in c re a s e d  
w ith  a  r e s u l t a n t  d e c re a se  in  s u r fa c e  a r e a ,  th e re b y  re d u c in g  th e  
i n t e r a c t i o n  betw een  w a te r  and s o l id  on w e tt in g  th e  s o l i d  com pact.
Thus th e  p l o t  o f  s w e ll in g  fo rc e  v e rsu s  p o r o s i ty  app ro ach ed  a  l i m i t i n g  
v a lu e  a t  low p o r o s i t i e s .
3 .2  DISSOLUTION OF PHENYTOIN SODIUM CAPSULES: INFLUENCE OF 
• MIXING AND FORMULATION FACTORS 
The d i s s o lu t io n  d a ta  f o r  c a p su le s  c o n ta in in g  p h e n y to in  sodium  
w ere p l o t t e d  a c c o rd in g  to  th e  method o f  K itazaw a e t  a l  (1977)*
T y p ic a l d i s s o lu t io n  p r o f i l e s  and co rre sp o n d in g  K itazaw a p lo t s  a r e  shown 
in  F ig . 3 .8 a  and b r e s p e c t iv e l y .  In  most cases  two s t r a i g h t  r e g r e s s io n  
l i n e s  w ere o b ta in e d  from  th e  p l o t , th e  s lo p e  o f  th e  f i r s t  b e in g  
d e s ig n a te d  k^ and o f  th e  second  kf . The t im e , t ^ ,  a t  w hich th e  b re a k  
in  s lo p e  o c c u rre d  was c a l c u la te d  by m a th em a tica l i n t e r p o l a t i o n .  
D is s o lu tio n  can th e r e f o r e  be i n t e r p r e t e d  as o c c u r r in g  in  two s ta g e s .
-  1 2 T  -
F ig .  3 .8  (a )  D is s o lu t io n  p r o f i l e  f o r  lOOmg p h e n y to in  sodium
c o n ta in e d  i n  s i z e  2 h a rd  g e l a t i n  c a p s u le s .









T Lme ( m i n . )
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An i n i t i a l  r a p id  d i s s o lu t io n  o ccu rs  in  th e  f i r s t  s ta g e  where k^ 
a p p l ie s  u n t i l  tim e  t ^ ,  a t  which th e  r a t e  o f  change in  s u r f a c e  a r e a  
a v a i l a b l e  may change a b r u p t ly .  In  th e  second s ta g e  from  t ^  to  
t h e  co m p le tio n  o f  d i s s o l u t i o n , ^  a p p l ie s .  For th e  c a p su le  fo rm u la tio n s  
s tu d ie d ,  powder m ixes w ere packed  in to  c a p su le  s i z e  2 and th e r e f o r e  i t  
can b e  assum ed t h a t  f o r  a l l  th e  fo rm u la tio n s  s tu d ie d  th e  i n i t i a l  
s u r f a c e  a r e a  a v a i la b le  f o r  d i s s o lu t io n  was i d e n t i c a l .  Thus from  th e  
K itazaw a p lo t s  a lth o u g h  th e  s u r fa c e  a re a  a v a i la b le  d u r in g  d i s s o lu t io n  
may b e  chang ing  c o n tin u o u s ly  and r e g u la r ly ,  such  a  change does no t 
in f lu e n c e  th e  d i s s o lu t io n  r a t e  ex cep t when i t  i s  d isc o n tin u o u s  
f o r  exam ple on th e  d i s in t e g r a t i o n  o f  th e  powder b e d .
For th e  fo rm u la tio n s  s tu d ie d ,  th e  d i s s o lu t io n  r a t e  r e p r e s e n te d  
by k ^ w a s  much f a s t e r  th a n  t h a t  c o rre sp o n d in g  to  k ^ . However, i t  i s  
e x p e c te d  t h a t  s in c e  d i s s o lu t io n  r a t e  i s  p ro p o r t io n  t o  exposed  s u r fa c e  
a re a  (E q u a tio n  1 .6 ,  .page lU) th e  d is s o lu t io n  r a t e  from  th e  d i s in t e g r a t e d  
d is p e r s e d  p a r t i c l e s  k ^ ,s h o u ld  b e  h ig h e r  th a n  th e  i n i t i a l  d i s s o lu t io n  
r a t e ,  k_^. I t  h a s  been  su g g e s te d  by C a rtw rig h t (1979) u s in g  th e  
r o t a t i n g  b a s k e t  t h a t  th e  u n ex p ec ted  o b s e rv a tio n  ( k ^ ^  k^.) i s  a  r e s u l t  
o f  l a r g e  a g g re g a te s  o f  d i s in t e g r a te d  t a b l e t s  s in k in g  to  th e  b o tto m  o f  th e  
d i s s o lu t io n  v e s s e l .  However, in  th e s e  exp erim en ts  th e  r o t a t i n g  
p ad d le  was u sed  and  th e  c a p su le  was a l re a d y  p o s i t io n e d  a t  th e  b o tto m  
o f  th e  v e s s e l  a t  th e  s t a r t  o f  d i s s o lu t io n  t e s t i n g .  I t  w ould th e r e f o r e  
seem t h a t  t h i s  o b s e rv a tio n  was a s s o c ia te d  w ith  o th e r  f a c to r s  a s s o c ia te d  
w ith  th e  fo rm u la tio n  and i s  d is c u s s e d  l a t e r  in  S e c t io n  3»2 . 2 .2 .
3 .2 .1  S in g le  -  component fo rm u la tio n
3 .2 .1 .1  E f f e c t  o f  p ack in g  and drug p a r t i c l e  s iz e
The d i s s o lu t io n  o f  p h en y to in  sodium a lo n e  packed  in to  s iz e .  2 
h a rd  g e l a t i n  c a p s u le s  i s  f a s t  and a lm o st com plete  w i th in  30 m in u te s .
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F ig .  3 .9  The in f lu e n c e  o f  in c r e a s e d  p a c k in g  o f  p h e n y to in  sodium.
in t o  c a p s u le  s i z e  2 on th e  d i s s o lu t i o n  r a t e  o f  th e  d ru g . 
▲ 50m g;' ■ lOOmg; 0  3 0 0 m g ; *  4 0 0 m g \
Oil______________________________ i________;______________
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F ig .  3 .10 The in f lu e n c e  o f  p a r t i c l e  s i z e  o f  pheny to in  sodium
p a r t i c l e s  on th e  d i s s o l u t i o n  r a t e  o f  drug from c a p s u le s  
s iz e  2
a 45  jum ;® 63-9.0 ju m ;B 9 0 -1 2 5  p m ; 0 1 2 5 -1 8 0  pm.
100
30 60Time (min.)
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The d i s s o lu t i o n  p r o f i l e  and  K itazaw a p l o t  f o r  TOOmg p h e n y to in  sodium  
a re  shown in  F ig . 3 .8 a  and b r e s p e c t iv e ly .  The K itazaw a p l o t  (F ig .
fo llo w e d  by  a  s lo w er second  p h ase . An in c re a s e ' in  th e  q u a n t i ty  o f  
d rug  in  th e  c a p s u le  from  50mg to  UOOmg p ro v id e d  an in c re a s e  in  p ack in g  
d e n s i ty  c o rre s p o n d in g  to  a  r e d u c t io n  in  t h e  p o r o s i ty  from  0 .9 0  t o
0.U 2. T h is  h ad  no s i g n i f i c a n t  e f f e c t  on th e  d i s s o lu t io n  (F ig .  3 .9 ) .  
T here was a l s o  no s ig n i f i c a n t  e f f e c t  o f  d ru g  p a r t i c l e  s i z e  as shown by  
s tu d ie s  on c a p s u le s  c o n ta in in g  d i f f e r e n t  s ie v e  s iz e d  f r a c t i o n s  ra n g in g  
from  p a r t i c l e s  l e s s  th a n  U5^pi to  a fc o a rse  s i z e  f r a c t i o n  125-l80jom
At th e  s t a r t  o f  th e  d i s s o lu t io n ,  th e r e  was an i n i t i a l  l a g  
p e r io d  o f  l e s s  th a n  a  m inu te  d u rin g  w hich th e  g e l a t i n  s h e l l  and powder 
b ed  became w e tte d . A f te r  t h i s  p e r io d  th e  c a p su le  was o b se rv e d  t o  
b u r s t  open le a d in g  t o  th e  d is p e r s io n  o f  c a p su le  c o n te n ts  in to  th e  
d i s s o lu t io n  medium. T his o b s e rv a tio n  may e x p la in  why th e  d i s s o lu t io n  
o f  p h e n y to in  sodium  was found n o t to  b e  in f lu e n c e d  by p o r o s i ty  w ith in  
th e  c a p s u le .
F o r s o l i d  dosage fo rm u la tio n s  whose r a t e s  o f  d i s s o lu t io n  a re  
in f lu e n c e d  by p o r o s i ty ,  two main d e d u c tio n s  can  be  made ab o u t th e  
d i s s o lu t io n  p ro c e s s .  F i r s t  i t  can be assum ed t h a t  th e  dosage form  
behaves a s  a  com pacted b ed  and t h a t  th e  l i m i t i n g  s te p  in  th e  e v e n ts  
le a d in g  t o  drug  d i s s o lu t i o n ,  i s  th e  r a t e  o f  p e n e t r a t i o n  o r  flow  o f  
f l u i d  th ro u g h  p o re s  w ith in  th e  powder b e d . Hie Kozeny-Carman e q u a t io n  
d e s c r ib e s  th e  r e l a t i o n s h i p  betw een l i q u i d  p e n e t r a t i o n  r a t e ,  Q5 and 
p o r o s i ty ,  £  , a s :
3 .8 b ) shows f a s t  d i s s o lu t i o n  in  th e  k^ p hase  up to  ab o u t U m inutes*
(F ig .  3 .1 0 ) .
Q
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■where A, i s  th e  c r o s s - s e c t io n a l  a re a  o f  th e  b e d ; A P j  p re s s u re  
d i f f e r e n c e  a c ro s s  th e  powder b e d ; L, le n g th  o f  c a p i l l a r y  th ro u g h  
w hich l i q u i d  o f  v i s c o s i t y ,  , flow s; S^, th e  s p e c i f i c  s u r fa c e  
a re a  o f  th e  powder and K, a  c o n s ta n t .
■When p h e n y to in  sodium  i s  w e tte d  b y  th e  d i s s o lu t i o n  medium, 
a  r a p id  c h a in  o f  e v e n ts  in v o lv in g  h y d ra tio n  o f  p a r t i c l e s  and s w e llin g  
o f  th e  powder bed  p ro cee d s  (se e  S e c tio n  3 .1 ) .  The h y d ra te d  p a r t i c l e s  
w i l l  u nder la m in a r  flow  c o n d itio n s  b e  e a s i l y  d is p e r s e d  c o n t r ib u t in g  
to  th e  la r g e  b u r s t  e f f e c t  n o t ic e d .  A lso  w ith  a  d e c re a se  in  i n i t i a l  
p o r o s i ty  o f  th e  powder b ed  th e r e  i s  an in c re a s e  in  b o th  th e  s w e llin g  
fo rc e  and s w e llin g  c a p a c i ty  and  t h i s  p ro b a b ly  com pensates f o r  th e  
e f f e c t  o f  r e d u c t io n  in  p o r o s i ty .  A nother p o s s ib le  e x p la n a tio n  why 
th e  d i s s o lu t io n  o f  p h e n y to in  sodium i s  n o t in f lu e n c e d  e i t h e r  by
powder bed  p o r o s i ty  o r  d rug  p a r t i c l e  s i z e ,  may be. r e l a t e d  t o  i t s
h ig h  aqueous s o l u b i l i t y  and h y d r o p h i l ic i ty  c o n fe r re d  by  sodium
s u b s t i t u t i o n .  The h y d ro p h il ic  r a p id ly  d is s o lv in g  p a r t i c l e  s u r fa c e s  
in  th e  c o n s o lid a te d  powder b ed  w i l l  le a d  to  th e  r a p id  d e s t r u c t io n  
o f  th e  p o re  s t r u c t u r e  and cause th e  dosage form  to  d i s i n t e g r a t e .  For such
a  system ', n e i th e r  th e  p a r t i c l e  s iz e  and s u r f a c e  a re a  o f  p a r t i c l e s  exposed
t o  th e  d i s s o lu t io n  medium n o r th e  p o r o s i ty  o f  th e  dosage form  w i l l  
in f lu e n c e  th e  r a t e  o f  d i s s o lu t io n .
3 .2 .2  Two -  component fo rm u la tio n s
3 .2 .2 .1  E f f e c t  o f  d i lu e n t  ty p e
The d i s s o lu t io n  p r o f i l e s  in  F ig s .  3 .11 and 3 .12  show th e  e f f e c t  
o f  ad d in g  a  f ix e d  c o n c e n tra t io n  o f  d i l u e n t ,  56%> to  c a p s u le s  
c o n ta in in g  e i t h e r  92^g p h en y to in  o r lOOmg p h e n y to in  sodium r e s p e c t iv e l y .
The d i lu e n ts  u sed  w ere l a c to s e ,  ca lc ium  s u lp h a te  d ih y d r a te ,  ca lc ium
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F ig . 3 .1 1  The in f lu e n c e  o f  d i lu e n t  ty p e  on th e  d i s s o lu t i o n  o f  d rug  
from  c a p s u le s  c o n ta in in g  92mg p h e n y to in  and 120mg d i l u e n t
O  d ru g  a lo n e ;  •  l a c t o s e ;  ■ c a lc iu m  s u lp h a te ;  A d ib a s ic  
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F ig  3 .12  The in f lu e n c e  o f  d i lu e n t  ty p e  on th e  d i s s o lu t io n  o f  drug
from  c a p su le s  c o n ta in in g  lOOmg p h en y to in  sodium  and 130mg
d i l u e n t . O  drug a lo n e ; •  l a c to s e ;  ■ ca lc iu m  s u lp h a te ;
A d ib a s ic  ca lc ium  p h o sp h a te ; T  ca lc iu m  c h lo r id e
100 -
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c h lo r id e  and d ib a s ic  c a lc iu m  p h o sp h a te  d ih y d r a te .  D is s o lu t io n  
c h a r a c t e r i s t i c s  c a lc u la te d  from  K itazaw a p lo t s  a r e  shown in  T ab le  3 .2 .
T ab le  3 .2  D is s o lu t io n  c h a r a c t e r i s t i c s  o f  p h e n y to in  and -phenytoin
•  S  fr i Wsodium c a p s u le s  co n ta in in g ; 56% /  o f  d i f f e r e n t  d i lu e n ts
(V alues in  b r a c k e ts  a re  c o r r e l a t i o n  c o e f f i c i e n t s )
Drug D ilu e n t k .  (min ^)l k f  (m in 1 ) t ^  (min)
p h e n y to in _ 0 .0 1 8  (0 .9 9 7 ) 0 .0 0 6  (0 .9 8 6 ) 28
la c to s e  D 0.0U6 (0 .9 9 9 ) 0 .0 1 8  (0 .9 9 9 ) b3
d ib a s ic  c a lc iu m
p h o sp h a te
d ih y d ra te
0 .018  (0 .9 9 9 ) 0 .0 0 6  (0 .9 9 6 ) 27
ca lc iu m  s u lp h a te 0 .0 2 0  (0 .9 9 3 ) 0 .0 0 5  (0 .9 8 3 ) 27
d ih y d ra te
c a lc iu m
c h lo r id e
0 .035  (0 .9 9 5 ) - -
p h e n y to in
sodium la c to s e  D^
0 .U50 ( 1 . 0 0 )
0 .0 3 8  (0 .9 9 2 )
0 .0 5 8  (0 .9 9 6 ) 
0 .0 0 8  (0 .9 8 2 )
k
25
d ib a s ic  c a lc iu m
p h o sp h a te
d ih y d ra te
0 .252  (0 .9 9 8 ) 0 .005  (0 .9 2 0 ) 7
c a lc iu m  s u lp h a te  
d ih y d ra te  D^ 0 .0 5 3  (0 .9 9 9 ) 0 .015  (0 .9 9 2 ) 15
ca lc iu m  c h lo r id e 0 .0 0 7  (0 .9 8 8 ) —
F or c a p su le s  c o n ta in in g  p h e n y to in  a lo n e ,  th e  d i s s o lu t i o n  r a t e  o f  th e  
drug was v e ry s lo w  w ith  o n ly  36# b e in g  d is s o lv e d  i n  30 m in u tes  (F ig .
3 .1 1 ) .  VJhen l a c to s e  o r  ca lc iu m  c h lo r id e  was added  as d i l u e n t ,  a  m arked 
im provem ent in  d i s s o lu t i o n  r a t e  (k^ ) was o b se rv e d  (T ab le  3 .2 ) .  Only a  
s l i g h t  im provement in  d i s s o lu t io n  r a t e  was o b se rv e d  when ca lc iu m  s u lp h a te  
was u sed  as  d i l u e n t ,  and n o ‘im provem ent was n o te d  on th e  a d d i t io n  o f
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d ib a s i c  c a lc iu m  p h o sp h a te  (T ab le  3 .2 )  . The d i s s o lu t io n  r a t e  o f  
p h e n y to in  sodium  from  c a p su le s  c o n ta in in g  o n ly  th e  sodium  s a l t  w ith  no 
a d d i t iv e  was h ig h e r  th a n  f o r  any o f  th e  fo rm u la tio n s  o f  p h e n y to in  
sodium  d is c u s s e d  above. A l l  th e  d i lu e n ts  s tu d ie d  cau sed  a  r e d u c t io n  in  
t h e  d i s s o lu t i o n  r a t e  o f  th e  d rug  from  c a p s u le s  (T ab le  3 .2 ) .
The e f f e c t  o f  ty p e  o f  d i l u e n t  in c o rp o ra te d  was m ost pronounced  in  
a l l  c a se s  d u rin g  th e  i n i t i a l  p h ase  o f  th e  d i s s o lu t io n  p ro c e s s  d u r in g  w hich 
d i s i n t e g r a t i o n  o c c u rre d . The p ro c e s se s  in v o lv e d  i n  th e  d i s in t e g r a t i o n  
p h ase  a r e :
1 .  th e  w e tt in g  o f  powder p a r t i c l e s
2 . p e n e t r a t io n  o f  l i q u i d  th ro u g h  p o re s  in  th e  powder b ed
3 . d i s in t e g r a t i o n  o f  th e  powder b ed
U. d i s s o lu t i o n  o f  p a r t i c l e s .
The w e t t in g  in v o lv e d  d u r in g  d i s s o lu t io n  i s  im m ers io n a l w e tt in g  and 
in v o lv e s  th e  rep la cem e n t o f  th e  s o l i d / a i r  i n t e r f a c e  w ith  th e  s o l i d -  
l i q u i d  i n t e r f a c e  ( P a r f i t t ,  1 9 8 l ) . The en e rg y  change in v o lv e d , E^, 
i s  g iv e n  by  th e  e q u a tio n :
= -Y^y.cos 9 E q u a tio n  3 .2
w here i s  th e  s u r fa c e  te n s io n  o f  th e  l i q u i d  a t  th e  l iq u id -v a p o u r
i n t e r f a c e  and 0 , th e  c o n ta c t  an g le  betw een  th e  l i q u i d  and  pow der. F or 
w e tt in g  t o  o ccu r sp o n ta n e o u s ly , E^ m ust b e  n e g a t iv e  o r  th e  c o n ta c t  
an g le  m ust be  l e s s  th a n  9 0 ° . P h en y to in  i s  h y d ro p h o b ic  w ith  c o n ta c t  
an g le  o f  102° (L e rk , L eg as, L ie-A -H uen, B roersm a and Zuurman, 1979)•
Thus u n l ik e  p h e n y to in  sodium  w hich i s  h y d r o p h i l ic ,  p h e n y to in  p a r t i c l e s  
w i l l  n o t r e a d i ly  w et and work m ust b e  expended on th e  sy stem  f o r  
w e tt in g  t o  o c c u r . The r a t e  o f  p e n e t r a t io n  o f  f l u i d  th ro u g h  a  po rous 
b ed  depends am ongst o th e r  f a c to r s  on th e  c o n ta c t  a n g le .  T h is i s  g iv en
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by  a  m o d if ie d  v e r s io n  o f  th e  W ashburn e q u a t io n :
d l  K y . . .  cos 0 7-, . • o "o= LV_______ E q u a tio n  3*3
d t  k
w here 1 , i s  th e  d is ta n c e  p e n e t r a te d  in  t i m e , t ;  «] , th e  v i s c o s i t y  o f  
th e  p e n e t r a t i n g  l i q u i d  and ’ K, a  f a c t o r  w hich c o n ta in s  an e f f e c t iv e  
r a d iu s  f o r  th e  b ed  and a  t o r t u o s i t y  f a c t o r  to  acc o u n t f o r  th e  i r r e g u l a r  
p a th  betw een  p a r t i c l e s  and  a g g re g a te s .  Thus due t o  th e  h y d ro p h o b ic  
n a tu r e  o f  p h e n y to in , th e  r a t e  o f  p e n e t r a t io n  o f  f l u i d  i n  th e  powder 
b e d  w i l l  b e  l im i t e d .  A n o th er f a c t o r  w hich w i l l  r e t a r d  f u r t h e r  th e  
d i s s o lu t i o n  o f  p h e n y to in  i n  th e  d i s in t e g r a t i o n  p h a s e , i s  th e  e x tre m e ly  
low  aqueous s o l u b i l i t y  o f  p h e n y to in  p a r t i c l e s  (T ab le  3 .3 ) .  This 
e f f e c t  i s  q u a n t i f i e d  by  E q u a tio n  1 .6  (page lU ) w hich p r e d i c t s  th e  
r e l a t i o n s h i p  betw een  th e  d i s s o lu t i o n  r a t e  and s o l u b i l i t y  o f  d rug  
p a r t i c l e s .
F or b in a ry  m ixes c o n ta in in g  drug  and  d i l u e n t ,  i t  can  b e  assum ed 
t h a t  th e  w e t t a b i l i t y  o f  th e  b in a ry  b le n d  i s  an a d d i t iv e  fu n c t io n  o f  
th e  p ro p o r t io n s  and w e t t a b i l i t y  o f  th e  in d iv id u a l  com ponents. C on tac t 
a n g le s  f o r  l a c to s e  and d ib a s ic  c a lc iu m  p h o sp h a te  have  been  found  
by  L e rk , Schoonen and F e l l  (1976) to  b e  30° and  0 °  r e s p e c t iv e l y .  One 
w ould e x p e c t t h a t  i f  t h e  d i s s o lu t i o n  r a t e  o f  b in a r y  fo rm u la tio n s  was 
d e te rm in e d  by  w e t t a b i l i t y  a lo n e ,  d i s s o lu t i o n  from  c a p su le  fo rm u la tio n s  
c o n ta in in g  p h e n y to in /ld ib a s ic  c a lc iu m  phosphate ; .would be  f a s t e r  th a n  from  
th o s e  c o n ta in in g  l a c to s e  as d i l u e n t .  In  th e  c a se  o f  p h e n y to in  (F ig .  3 .1 1 ) 
t h i s  was n o t s o . However, a  c o n s id e ra t io n  o f  th e  s o l u b i l i t y  o f  th e  
d i lu e n ts  (T ab le  3-3) in d i c a te s  t h a t  th e  s o l u b i l i t y  o f  th e  d i lu e n t  
in c o rp o ra te d  d e te rm in e d  th e  d i s s o lu t i o n  r a t e  from  c a p su le s  o f  p h e n y to in . 
The h ig h e r  th e  s o l u b i l i t y  o f  th e  d i l u e n t ,  th e  f a s t e r  th e  d i s s o lu t i o n  
r a t e  o b se rv ed .
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Table 3 .3  S o lu b i l i t i e s  o f  drug and d ilu e n t  powders in  w ater a t 25° C
Powder S o l u b i l i t y  (g  1  ^)
p h e n y to in  
p h e n y to in  sodium  
la c to s e
c a lc iu m  s u lp h a te  d ih y d ra te  
d ib a s ic  c a lc iu m  p h o sp h a te  
c a lc iu m  c h lo r id e
0 .1
15-2  (M erck In d e x , I 98U) 
213 .8  
2 .6
0 .1  ( M u ll in , 1972)
882 .5  (M u llin , 1972)
From th e  above d a te  (T ab le  3 - 3 ) ,  i t  ap p ea rs  t h a t  th e  p re se n c e  o f  
h y d ro p h i l ic  s o lu b le  d i l u e n t s  im proves th e  d i s s o lu t i o n  o f  a  hyd rophob ic  
d ru g , such  as  p h e n y to in . When p e n e t r a t in g  l i q u i d  d is s o lv e s  s o lu b le  
d i l u e n t  p a r t i c l e s  in  a  powder b e d  th e  p e n e t r a t io n  o f  f l u i d  th ro u g h  
th e  b ed  i s  im proved . As a  r e s u l t ,  th e  hyd ro p h o b ic  p h e n y to in  p a r t i c l e s  
a re  w e tte d  more e f f e c t i v e l y  and maximum s u r f a c e  a r e a  o f  th e  d rug  i s  
exposed  t o  th e  d i s s o lu t i o n  medium r e s u l t i n g  in  im proved d i s s o lu t i o n .
These f in d in g s  a r e  c o n s i s te n t  w ith  th e  work o f  Newton and Razzo (1977) 
who found  t h a t  w e tt in g  a lo n e  was n o t th e  c o n t r o l l i n g  f a c t o r  in  th e  
r e le a s e  c h a r a c t e r i s t i c s  o f  a  hyd ro p h o b ic  d rug  b u t  r a t h e r  th e  s o l u b i l i t y  
o f  th e  d i l u e n t .
For c a p su le  fo rm u la tio n s  c o n ta in in g  p h e n y to in  sodium  th e  e x te n t  o f  
r e t a r d a t i o n  (T ab le  3 .2 )  ap p e a re d  to  b e  a s s o c ia te d  w ith  th e  s o l u b i l i t y  
o f  th e  d i l u e n t .  The h ig h e r  th e  s o l u b i l i t y  o f  th e  d i l u e n t ,  th e  g r e a t e r  
th e  r e t a r d a t i o n  o b se rv e d . • The e f f e c t  ap p ea rs  to  b e  m ost s i g n i f i c a n t  
d u r in g  th e  d i s in t e g r a t i o n  p hase  s in c e  k^ v a lu e s  v a r ie d  g r e a t ly  depending 
on th e  ty p e  o f  d i l u e n t .  T his would su g g e s t t h a t  th e  e f f e c t  on d i s s o lu t io n
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was a s s o c ia t e d  w ith  changes o c c u rr in g  in  th e  powder h e d  d u rin g  t h i s  
s t a g e .  The to p i c  i s  d is c u s s e d  in  S e c t io n  3 .2 .2 .2 .
3 .2 .2 .2  The e f f e c t  o f  d i lu e n t  c o n c e n tra t io n
The r e s u l t s  in  F ig . 3 .13  show th e  in f lu e n c e  o f  ad d in g  
in c r e a s in g  c o n c e n tr a t io n s  o f  e i t h e r  l a c to s e  o r  ca lc iu m  s u lp h a te  
d ih y d ra te  on th e  d i s s o lu t io n  o f  p h e n y to in  sodium  from  a  c a p s u le .  The 
d i s s o lu t i o n  p a ra m e te r , p e rc e n ta g e  d is s o lv e d  in  30 m in u te s , W^ qj h as  
"been u se d  t o  p ro v id e  a  s in g le  v a lu e  by  w hich d i s s o lu t i o n  from  th e  
c a p su le  fo rm u la tio n s  c o u ld  be  com pared. T his i s  b e c a u se , d e s p i te  th e  
f a c t  t h a t  th e  p e rc e n ta g e  o f  d rug  v e rsu s  tim e  was n o n - l in e a r  in  a l l  
c a s e s ,  in  m ost o f  th e  fo rm u la tio n s  th e  r a t e  o f  d i s s o lu t i o n  was n o rm a lly  
d e te rm in e d  w ith in  th e  f i r s t  30 m in u te s . I n i t i a l l y ,  an in c re a s e  in  
th e  p r o p o r t io n  o f  d i lu e n t  le d  t o  a  r e t a r d a t i o n  i n  d i s s o lu t i o n  r a t e  .to  
a  minimum v a lu e  d u rin g  a  phase  d e f in e d  as  Phase I .  When th e  d i lu e n t  
c o n c e n tra t io n  was in c re a s e d  above a  c e r t a i n  c r i t i c a l  v a lu e ,  th e  r e le a s e  
r a t e  in c re a s e d  -  Phase 2 . Only in  fo rm u la tio n s  w here 95# la c to s e  was 
in c o rp o ra te d  as d i lu e n t  was th e  d i s s o lu t io n  r a t e  h ig h e r  th a n  f o r  
c a p s u le s  c o n ta in in g  drug  a lo n e . ' The d i s s o lu t i o n  p a ra m e te rs  c a l c u la te d  
from  th e  co rre sp o n d in g  K itazaw a p lo t s  a r e  sum m arised in  T ab le  3 .^ .
W ith in c r e a s in g  d i lu e n t  c o n c e n tr a t io n ,  th e  d i s s o lu t io n  r a t e  c o n s ta n ts  
k^ and  k^ w ere b o th  red u ced  a t  f i r s t .  Beyond th e  minimum v a lu e ,  a t  a 
d i lu e n t  c o n c e n tra t io n  o f  ap p ro x im ate ly  TO # th e  d i s s o lu t i o n  r a t e
c o n s ta n ts  k^ and k^ w ere in c re a s e d .  C apsu les c o n ta in in g  95# l a c to s e  
showed o n ly  a  s in g le  r e c t i l i n e a r  d i s s o lu t io n  p r o f i l e  when th e  K itazaw a 
p lo t  was draw n. T his in d i c a te s  th e  r a t e  was c o n s ta n t  th ro u g h o u t th e  
th e  d i s s o lu t io n  s u g g e s tin g  t h a t  th e re  was a  c o n tin u o u s  g e n e ra t io n  o f  




















F ig . 3 .1 3  The in f lu e n c e  o i‘ d i l u e n t  c o n c e n tr a t io n  on p e rc e n ta g e  o f  
p h en y to in  sodium  d is s o lv e d  in  30 m in u tes
#  l a c to s e  D^; ■ ca lc iu in  s u lp h a te  d ih y d ra te
Table 3.1+ D is so lu t io n  c h a r a c te r is t ic s  o f  phenytoin sodium cap su les  showing th e  e f f e c t  o f
add ing  in c re a s in g  c o n c e n tra t io n s  o f  e i t h e r  l a c to s e  o r  ca lc iu m  s u lp h a te  D^
D ilu e n t D ilu e n t co n e . % ^ (min k f  (min 1 ) t ^  (m in)
L ac to se  D^ 0 0 . 1+50 ( 1 . 0 0 ) 0 .0 5 8  (0 .9 9 6 ) 1+
29 o.ii+o ( 0 . 9 9 1 ) 0 .009  (0 .9 7 0 ) 10
56.5 0.01+9 (0 .9 9 9 ) 0 .0 1 0  (0 .9 8 6 17
70 0 .035  (0 .9 9 9 ) 0 .0 2 0  (0 .9 8 8 ) 28
80 0 .059  (0 .9 9 8 ) 0 .0 2 6  (0 .9 9 8 ) 16
90 0 .105  (0 .9 9 2 ) 0 .0 7 0  (0 .9 9 2 ) 10
95 0.11+8 (0 .9 9 7 ) - -
Calcium 0 0 . 1+50 ( 1 . 0 0 ) 0 .0 5 8  (0 .9 9 6 ) 1+
s u lp h a te
d ih y d ra te 29 0.01+3 (0 .9 9 9 ) 0 .0 2 3  (0 .9 9 5 )
8
Du 56.5 0 .0 1 7  (0 .9 9 8 ) 0 .009  (0 .9 9 0 ) 18
70 • 0 .031  (0 .9 9 6 ) 0 .009  (0 .9 9 6 ) 26
* 80 0 .0 5 0  (0 .9 9 1 ) 0 .0 1 1  (0 .9 9 5 ) 20
90 0 .0 7 2  (0 .9 9 9 ) 0 .0 1 3  (0 .9 8 9 ) 16
95 0 .0 7 3  (0 .9 9 9 ) 0.011+ (0.981+) 15
-  Ih2 -
I t  was n o te d  t h a t  c a p su le s  c o n ta in in g  50-70# d i lu e n t  d id  n o t 
d i s i n t e g r a t e  r e a d i l y ,  a l s o  a  s lo w ly  d is s o lv in g  p r e c i p i t a t e  was seen  
t o  form  a t  th e  b o tto m  o f  th e  d i s s o lu t i o n  v e s s e l .  By a n a ly s in g  t h i s  
d e p o s i t  w hich form ed w ith in  5 m in u te s , i t  was found  t h a t  th e  in s o lu b le  
a c id  form  p h e n y to in  h ad  b een  p r e c i p i t a t e d ,  a lth o u g h  th e  pH o f  th e  
d i s s o lu t i o n  medium was 9 . The p r e c i p i t a t e  was o b se rv e d  even in  c a p s u le s  
o f  d rug  a lo n e .  An in c re a s e  in  th e  p ro p o r t io n  o f  d i l u e n t  in c re a s e d  th e  
amount o f  p h e n y to in  w hich was p r e c i p i t a t e d ,  th e  l a r g e s t  q u a n t i t i e s  
w ere d e te c te d  when ca lc iu m  s u lp h a te  was u sed  a s  d i l u e n t  (F ig .  3 .1 ^ )•
The e f f e c t  p ro b a b ly  e x p la in s  th e  r e t a r d a t i o n  e f f e c t  o f  d i lu e n ts  on 
th e  r e l e a s e  o f  d rug  in  Phase I .  When in s o lu b le  p h e n y to in  i s  p r e c i p i t a t e d  • 
a t  th e  b o tto m  o f  th e  v e s s e l ,  th e  d i s s o lu t io n  r a t e  c o n s ta n ts  w i l l  be  
re d u c e d .
C apsu les c o n ta in in g  300mg ca lc iu m  s u lp h a te  a lo n e  ta k e  lo n g e r  
th a n  two h o u rs  to  d is s o lv e  w h i l s t  th o s e  o f  l a c to s e  a re  f u l l y  d is s o lv e d  
in  20-30  m in u tes  b eca u se  o f  i t s  h ig h e r  s o l u b i l i t y .  Any p h e n y to in  
w hich i s  p r e c i p i t a t e d  d u rin g  th e  c o u rse  o f  d i s s o lu t i o n  w i l l  i n i t i a l l y  
have been  i n  c o n ta c t  w ith  one o r  th e  o th e r  o f  th e s e  d i l u e n t s .  The 
d i s s o lu t io n  o f  p h e n y to in  in  i t s  a c id  form  h a s  b een  shown t o  b e  more 
r a p id  in  th e  p re se n c e  o f  s o lu b le  d i lu e n ts  ( s e e  F ig .  3 .1 1 ) .  Thus 
c a p su le s  fo rm u la te d  w ith  p h en y to in  and  la c to s e  show f a s t e r
d i s s o lu t io n  th a n  th o s e  fo rm u la te d  w ith  ca lc iu m  s u lp h a te .  F o llow ing  
t h i s  a rgum en t, i t  i s  p o s s ib le  t h a t  in  fo rm u la tio n s  c o n ta in in g  l a c to s e ,  
a  h ig h e r  p ro p o r t io n  o f  p h e n y to in  i s  p r e c i p i t a t e d  and th e n  q u ic k ly  
r e d is s o lv e d .  As a  r e s u l t  when p h e n y to in  l e v e l s  a r e  sam pled , when th e  
d is s o lu t io n  i s  s to p p e d  a t  5 m in u te s , low er l e v e l s  o f  p h e n y to in  may be 
d e te c te d  th a n  i s  a c t u a l l y  p r e c i p i t a t e d .  F ig .  3 .1 5 a  shows a  p h o to ­
m icrograph  o f  u n d is s o lv e d  ca lc iu m  s u lp h a te  p a r t i c l e s  co v ered  w ith  n e e d le  
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F ig .  3.1U The in f lu e n c e  o f  d i l u e n t  c o n c e n t r a t io n  and ty p e  on th e
p e rc e n ta g e  p h e n y to in  p r e c i p i t a t e d  d u r in g  th e  d i s s o lu t i o n  
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m a g n if ic a t io n  and  F ig . 3 -1 5 c , th e  c o rre sp o n d in g  X -ray  d o t mapping
2+  . .  • * •f o r  Ca . T his shows t h a t  ca lc iu m  p h en y to in  h as  b een  c r y s t a l l i z e d
on th e  s u r f a c e  o f  th e  ca lc iu m  su lp h a te  p a r t i c l e s .  The d i f f u s io n  
l a y e r  a ro u n d  th e  c a lc iu m  s u lp h a te  p a r t i c l e s  c o n ta in s  v a r io u s  io n s  
in c lu d in g  p h e n y to in  and c a lc iu m , and th e  ca lc iu m  s a l t  o f  th e  d rug  i s  
p r e c i p i t a t e d  when i t s  s o l u b i l i t y  i s  exceeded w ith in  th e  d i f f u s io n  
l a y e r .  P h en y to in  i s  a l s o  p ro b a b ly  ad so rb ed  from  s o lu t io n  on t o  th e  
c a lc iu m  s u lp h a te  s u r f a c e .
The e x a c t mechanism by  which th e s e  d i lu e n ts  f a c i l i t a t e  th e  
p r e c i p i t a t i o n  o f  p h e n y to in  i s  u n c le a r .  However, i t  i s  known t h a t  f o r  
c r y s t a l l i z a t i o n  o r  p r e c i p i t a t i o n  to  o ccu r a  s u p e r - s a tu r a te d  s o lu t io n  
m ust b e  form ed. A lso  n u c le i  o r  se e d  c r y s ta l s  sh o u ld  b e  p r e s e n t  to  
i n i t i a t e  c r y s t a l  grow th (Yalkowsky and  V a lv a n i, 1977 )• When c a p su le  
fo rm u la tio n s  o f  p h e n y to in  sodium  a re  p e n e t r a te d  by  f l u i d ,  th e  drug 
p a r t i c l e s  a re  im m ed ia te ly  h y d ra te d  w ith  an a s s o c ia te d  r e l e a s e  o f  h e a t .
A lso , th e  volume o f  d i s s o lu t i o n  f l u i d  w hich i n i t i a l l y  p e n e t r a te s  th e  
powder b ed  in  c a p su le  s h e l l  i s  s m a ll; so th e  b u f f e r  c a p a c i ty  o f  th e  
b o r a te  b u f f e r  u sed  as  d i s s o lu t io n  medium w i l l  be  ex ceed ed . The pH o f  
th e  m icroenv ironm en t a ro u n d  th e  d is s o lv in g  drug  p a r t i c l e s ,  t h a t  i s  th e  
d i f f u s io n  l a y e r  pH,' w i l l  b e  e q u iv a le n t to  th e  pH o f  a  s a tu r a t e d  
s o lu t io n  o f  p h e n y to in  sodium  t h a t  i s  g r e a t e r  th a n  1 1 .7 •  Thus b ecau se  
o f  th e  ex o th erm ic  r e a c t io n  and th e  ex trem ely  h ig h  pH o f  th e  d i f f u s io n  
l a y e r ,  th e  s o l u b i l i t y  o f  p h e n y to in  w i l l  be exceeded  and a  s u p e r - s a tu r a t e d  
s o lu t io n  w i l l  e x i s t .
N u c le a tio n  may o ccu r h e te ro g e n o u s ly  due t o  th e  p re se n c e  o f  
f o r e ig n  b o d ie s  such as i n t a c t  d i lu e n t  p a r t i c l e s .  H owever, th e  f a c t  t h a t  th e  
p h e n y to in  p r e c i p i t a t i o n  ap p ea rs  to  be  r e l a t e d  t o  d i l u e n t  s o l u b i l i t y  
w ould in d i c a te  t h a t  th e  e f f e c t  was a s s o c ia te d  w ith  d is s o lv in g  d i lu e n t  
p a r t i c l e s .  C o n c e n tra te d  s o lu t io n s  o f  l a c to s e  and c a lc iu m  s u lp h a te  in
Fig 3.15a) Photomicrograph of undissolved calcium sulphate 
particle after 30 min. of dissolution.
b) photomicrograph of same surface at higher 
magni fication.
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b o r a te  b u f f e r  (pH 9*0) have a  pH o f  7*20 and 8 .8 6  r e s p e c t iv e l y .
P ro b a b ly , when th e  s u p e r - s a tu r a te d  p h en y to in  s o lu t io n  comes in  c o n ta c t  
w ith  th e - d i f f u s io n  la y e r s  a ro u n d  d i lu e n t  p a r t i c l e s , p h e n y to in  w i l l  be 
p r e c i p i t a t e d  due to  th e  drop  in  pH.
From T able 3 .5  c o n s o l id a te d  powder beds o f  p h e n y to in  sodium  c o u ld  
n o t  be  p e n e t r a te d  by  s a tu r a t e d  s o lu t io n s  o f  c a lc iu m  c h lo r id e  d u e ,to  th e  
p r e c i p i t a t i o n  o f  in s o lu b le  p h en y to in  around  th e  p h e n y to in  sodium  p a r t i c l e s .  
T h is o b s e rv a tio n  w ould e x p la in  th e  ex tre m ely  low  r a t e  o f  d i s s o lu t io n  o f  
p h e n y to in  sodium  in  th e  p re se n c e  o f  ca lc iu m  c h lo r id e  (T ab le  3 .2 ) .  When 
d i lu e n t  p a r t i c l e s  a re  a lm o s t in s o lu b le ,  as in  th e  case  o f  d ib a s ic  ch lc iu m  
p h o sp h a te , th e  d i s s o lu t io n  r a t e  i s  s im i la r  t o  t h a t  o f  d rug  a lo n e . T h e re fo re  
in  th e  developm ent o f  c a p su le  fo rm u la tio n s  c o n ta in in g  p h e n y to in  sodium  
i t  i s  w o rth  n o t in g  t h a t  th e  p re se n c e  o f  any s o lu b le  e x c ip ie n t  whose 
d i f f u s io n  la y e r  pH w i l l  f a c i l i t a t e  th e  p r e c i p i t a t i o n  o f  p h e n y to in , i s  
l i k e l y  t o  le a d  t o  -the lo w e rin g  o f  d i s s o lu t io n  r a t e  as com pared t o  t h a t  o f  
drug  a lo n e .  P resum ably  o n ly  th e  in c o rp o ra t io n  o f  s t r o n g  d i s in t e g r a n t s  
w hich w i l l  f a c i l i t a t e  th e  d is p e r s io n  o f  p h e n y to in  sodium  p a r t i c l e s  w i l l  
le a d  t o  im provem ent o f  th e  d i s s o lu t io n  r a t e .
Table 3•5 The in f lu e n c e  o f  d i f f e r e n t  -p e n e tra tin g  l i q u id s  on th e
sw e ll in g  c a p a c i ty  o f  a  -packed powder b e d  o f  p h en y to in  sodium 
o f  u o r o s i ty  0 .6 2
P e n e t ra t in g  l i q u i d S w e llin g  c a p a c i ty ,  Sc
w a te r
b o r a te  b u f f e r  (pH 9 .0 )  
sodium  h y d ro x id e  s o lu t io n  (0.01M) 
ca lc iu m  s u lp h a te  ( s a tu r a t e d  s o lu t io n )  
l a c to s e  ( s a tu r a t e d  s o lu t io n )  







no p e n e t r a t io n
*p r e c i p i t a t i o n  o f  p h en y to in  o c c u rre d
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3 . 2 . 2 . 3  E f fe c t  o f  d ilu e n t  p a r t ic le  s iz e
The r e s u l t s  showing th e  in f lu e n c e  o f  p a r t i c l e  s i z e  and 
c o n c e n tr a t io n  o f  d i lu e n t  on d i s s o lu t io n  o f  p h e n y to in  sodium  from  
c a p s u le  fo rm u la tio n s  a r e  shown in  F ig . 3 * l6 a , b and  c . The g raphs 
in d i c a t e  t h a t ,  f o r  c a p s u le s  c o n ta in in g  la c to s e  D^ (F ig .  3 . l6 a )  o r  
l a c to s e  (F ig .  3 .l6 b )  o r  ca lc ium  su lp h a te  D^ (F ig .  3 * l6 c ) ,  d i lu e n t  
p a r t i c l e  s iz e  h ad  a  s i g n i f i c a n t  e f f e c t  on d i s s o lu t io n  r a t e ,  when th e
ai W/ •d i l u e n t  c o n c e n tr a t io n s  exceeded  30% / .  D is s o lu tio n  was f a s t e r  from  
c a p s u le s  c o n ta in in g  th e  l a r g e r  s iz e  d i lu e n ts  than, f o r  th e  s m a lle r  s i z e .  
The e f f e c t  o f  d i lu e n t  p a r t i c l e  s iz e  was l e s s  p ronounced  in  la c to s e  D^ 
fo rm u la tio n s  (F ig .  3 . l 6 b ) .
These r e s u l t s  may b e  e x p la in e d  by c o n s id e r in g  th e  l i k e l y  po re  
s t r u c t u r e  w ith in  th e  powder b e d . A lthough f in e  d i l u e n t  p a r t i c l e s  
p ro b a b ly  p ro v id e  a  s t r u c t u r e  o f  h ig h e r  p o r o s i ty ,  th e  d im ensions o f  
p o re  sp aces  o r  th e  c a p i l l a r y  r a d i i  w i l l  be v e ry  much sm a lle r  th a n  
when c o a rse  p a r t i c l e s  a r e  u s e d , l i q u id  p e n e t r a t io n  th ro u g h  th e  powder 
b ed  w i l l  he  red u ced  w ith  a  r e s u l t i n g  d ec re ase  in  d i s s o lu t io n  r a t e .
Thus i t  i s  n o t th e  p ack in g  f r a c t i o n  a lo n e  w hich m ust b e  ta k e n  in to  
c o n s id e ra t io n  b u t  a l s o  th e  po re  d im en s io n s . These r e s u l t s  a r e  in  
agreem ent w ith  th e  f in d in g s  o f  o th e r  w orkers (Newton and  Rowley, 1970; 
Newton and B ad er, 1 9 8 0 ). A no ther p la u s ib le  e x p la n a tio n  may b e  th e  
im proved m u tual d i s t r i b u t i o n  o f  d i lu e n t  and drug  p a r t i c l e s  when th e  
d i lu e n t  p a r t i c l e  s i z e  i s  re d u c e d . S ince  th e  p re se n c e  o f  s o lu b le  
d i lu e n ts  have been  shown (S e c tio n  3 .2 .2 .1 )  t o  cause d ru g -d i lu e n t  
in t e r a c t io n s  d u rin g  d i s s o lu t i o n ,  l a r g e r  a re a s  o f  i n t e r f a c i a l  c o n ta c t  
may le a d  to  g r e a t e r  i n t e r a c t i o n  w ith  a  consequen t in c re a s e  in  th e  




















F ig . 3 .1 6  The in f lu e n c e  o f  th e  d i l u e n t  p a r t i c l e  s i z e  and c o n c e n tr a t io n  
on th e  p e rc e n ta g e  o f  p h e n y to in  sodium  d is s o lv e d  in  30 m in u tes  
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3 .2 .3  Three-component form u lation s
3 .2 .3 * 1  E f f e c t  o f  lu b r i c a n t  c o n c e n tra t io n s
The r e s u l t s  show ing th e  e f f e c t  o f  ad d in g  in c r e a s in g  q u a n t i t i e s  
o f  magnesium s t e a r a t e  h a tc h  to  a  b in a ry  mix c o n ta in in g  lOOmg 
p h e n y to in  sodium  and 130mg d i l u e n t l a c t o s e  o r  c a lc iu m  s u lp h a te  
a re  shown in  F ig . 3 .17  and. F ig . 3 .18  r e s p e c t iv e l y .  The K itazaw a 
d i s s o lu t i o n  r a t e  c o n s ta n ts  and  c a lc u la te d  d i s i n t e g r a t i o n  tim es  a re  
shown in  T ab le 3 .6 .  T ab le  3 .6  in d ic a te s  t h a t  th e  e f f e c t  o f  lu b r i c a n t  
was m ost pronounced  d u rin g  th e  k^ p h a s e . T here was an  improvement 
in  th e  d i s s o lu t io n  r a t e  c o n s ta n t  on th e  a d d i t io n  o f  up to  0 . 5$ 
magnesium s t e a r a t e .  At th e  5$ lu b r i c a n t  l e v e l ,  d i s s o lu t i o n  from  
c a p s u le s  c o n ta in in g  la c to s e  was r e ta r d e d  w h i l s t  th e r e  was no s i g n i f i c a n t  
e f f e c t  on d i s s o lu t io n  in  fo rm u la tio n s  c o n ta in in g  c a lc iu m  s u lp h a te .
Where d i s s o lu t io n  r a t e s  w ere in c re a s e d ,  d i s i n t e g r a t i o n  tim e s  t ^  w ere 
a ls o  re d u c e d .
T ab le 3 .6  The in f lu e n c e  o f  magnesium s t e a r a t e  c o n c e n tr a t io n  on .
d i s s o lu t io n  c h a r a c t e r i s t i c s  o f  c a p s u le s  c o n ta in in g  lOOmg 
p h e n y to in  sodium  and  130mg d i lu e n t  (y a lu e s  in  b r a c k e ts  
r e f e r  t o  c o r r e l a t i o n  c o e f f i c i e n t )
D ilu e n t L u b ric a n t co n e . % %  • _1^(min ) k f , . - 1 .(m in ) (min)
L ac to se 0 0 .0 3 8  (0 .9 9 2 ) 0 .0 0 8  ( 0 . 9 8 1 ) 25
0 .0 5 0.01*8 (0 .9 9 9 ) 0 .0 0 7  (0 .9 9 5 ) 21
0 .5 0 .0 5 9  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 9 ) 18
5 .0 0 .0 2 8  (0 .9 9 2 ) 0 .0 0 5  ( 0 . 9 ^0 ) 32
ca lc iu m 0 0 .0 5 3  (0 .9 9 9 ) 0 .0 1 5  (0 .9 9 2 ) 2k
s u lp h a te 0 .0 5 0 .0 5 9  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 2 ) 20
d ih y d ra te  D,. 0 .5 0 .0 5 7  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 0 ) 19











F ig .  3 . IT The in f lu e n c e  o f  in c r e a s in g  c o n c e n t r a t i o n s  o f  Mg s t e a r a t e  
cn th e  d i s s o l u t i o n  o f  drug f ro g  c a p s u le s  conpa in ing  lQGmg 
F heny tc in  fla and 130mg l a c t o s e




F ig .  3.18
100-
The in f lu e n c e  o f  i n c r e a s in g  c o n c e n t r a t i o n s  o f  Mg s t e a r a t e  on 
th e  d i s s o l u t i o n  o f  drug from c a p s u le s  c o n ta in in g  lOOmg 
Phenyto in  Na and 130nig ca lc ium  s u lp h a te  D
Magnesium s t e a r a t e  c o n c e n tra t io n  O  0,*" n c *- * w-0 .0 5 ,  # 0 .5 ,  A 5.0% w£
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Magnesium s t e a r a t e  i s  hyd rophob ic  and  a  c o n ta c t  a n g le  o f  121° 
h a s  b een  r e p o r te d  f o r  powder com pacts (L e rk , Schoonen and F e l l ,  1976)•
I t  i s  a l s o  in s o lu b le  in  aqueous m edia (M erck In d e x , 198U). T h e re fo re  
i t  w i l l  b e  e x p e c te d  t h a t  a d d i t io n  o f  magnesium s t e a r a t e  w i l l  d e c re a se  
th e  w e t t a b i l i t y  o f  a  powder m ix, o r  in c re a s e  th e  h y d ro p h o b ic i ty  w ith  
a  r e s u l t i n g  d e c re a se  i n  d i s s o lu t io n  r a t e .  The o b se rv e d  im provem ent in  
d i s s o lu t i o n  r a t e s  in d ic a te s  t h a t  o th e r  f a c to r s  a re  in v o lv e d . S im ila r  
im provem ent in  d i s s o lu t i o n  r a t e s  have b een  c i t e d  in  th e  l i t e r a t u r e  
(Newton and  R azzo , 197*0 w ith  no s a t i s f a c t o r y  e x p la n a t io n  so  f a r .
Two p o s s ib le  e f f e c t s  may e x p la in  t h i s  o b s e rv a t io n .  S in ce  th e  
p re se n c e  o f  d i l u e n t  h a s  b een  shown to  r e t a r d  d i s s o lu t i o n  o f  p h e n y to in  
sodium  (S e c t io n  3 . 2 .2 . 2 ) ,  th e  o b se rv ed  im provem ent in  d i s s o lu t io n  
r a t e  s u g g e s ts  t h a t  th e  magnesium s t e a r a t e  . i n h i b i t e d  th e  e f f e c t  o f  th e  
d i l u e n t .  I t  i s  f e a s ib l e  t h a t  th e  lu b r i c a n t  p a r t i c l e s  e i t h e r  i n t e r a c t  
p r e f e r e n t i a l l y  w ith  d i lu e n t  form ing a  h y d ro p h o b ic  f i lm  around  d i lu e n t  
p a r t i c l e s  o r  th e y  may m odify th e  s p a t i a l  d i s t r i b u t i o n  o f  d rug  and
d i lu e n t  p a r t i c l e s  such  t h a t  drug  p a r t i c l e s  a re  f r e e  w i th in  th e  mix and
/
a re  e a s i l y  d is p e r s e d  d u r in g  d i s s o lu t io n .  These e f f e c t s  a r e  c o n s id e re d  
in  S e c t io n  3 .5*
3 .2 .3 .2  E f f e c t  o f  b a tc h - to - b a tc h  v a r i a t i o n  in  magnesium s t e a r a t e  
The r e s u l t s  showing th e  in f lu e n c e  o f  5$ o f  th e  d i f f e r e n t  
b a tc h e s  o f  magnesium s t e a r a t e  on d i s s o lu t io n  from  c a p s u le s  c o n ta in in g  
lOOmg p h e n y to in  sodium  and 130mg d i l u e n t ,  l a c to s e  o r  ca lc iu m  s u lp h a te  
a re  shown in  F ig . 3 .19  a and b r e s p e c t iv e l y .  C apsu le fo rm u la tio n s  
c o n ta in in g  l a c to s e  showed a  w ide v a r i a t i o n  in  d i s s o lu t i o n  r a t e ,  W^q 
v a lu e s  ran g ed  from  2 0 .0  to  6 0 .3 $ . F o rm u la tio n s  c o n ta in in g  ca lc iu m  
s u lp h a te  showed l e s s  v a r i a t i o n  w ith  W v a lu e s  r a n g in g  from  55*3  t o
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F ig . 3 .1 9  The in f lu e n c e  o f  th e  v a r io u s  b a tc h e s  o f  magnesium s t e a r a t e  
{5% L)  on th e  d i s s o lu t io n  p r o f i l e  o f  c a p s u le s  c o n ta in in g  
lOOmg p h e n y to in  sodium  and 130mg d i l u e n t . (a )  l a c to s e  D
(b ) c a lc iu m  s u lp h a te  D
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7 ^ .0 $ . The d i s s o lu t io n  r a t e  c o n s ta n ts  c a l c u la t e d  from  th e  d i s s o lu t io n  
p r o f i l e s  a re  shown in  T ab le  3-7*
T ab le  3•7  D is s o lu t io n  c h a r a c t e r i s t i c s  o f  n h e n y to in  sodium  c a p su le s
showing; th e  e f f e c t  o f  d i f f e r e n t  b a tc h e s  o f  magnesium s t e a r a t e .
D ilu e n t
Mg
s te a r a te
b a tc h
D is s o lu t io n  , 
r a t e  _ 
k^ (m in )
D is s o lu t io n  
r a t e  _ 
kf  (m in )
D is in te g r a t io n  
tim e  t ^  (m in)
L ac to se 0 .0 2 3  (0 .9 9 2 ) 0 .005  (0.9U 0) 32
D3 L2 0 .0 2 0  ( 0 . 9 6 1 ) 0 . 00U ( 0 . 9 9 2 ) 35
h
0 .0 0 l* (O .9 8 7 ) ■- -
h 0 .0 0 9  (0 .9 9 5 ) 0 .0 0 3  (0 .9 9 9 ) 75
l 5 0 .0 2 3  (0 .99*0 0 .005  (0 .9 7 1 ) 3k
L6 0 .0 1 5  (0 .9 9 7 ) 0 .0 0 3  (0 .9 7 5 ) k$
C alcium 0.05U (0 .9 9 9 ) 0 .0 1 1  ( 0 . 9 9 9 ) 21
s u lp h a te
h 0 . 0 2 ^ (0 .9 9 9 ) 0.00*4- (0 .9 9 1 ) 37
5
l 3 0 .0 3 1  (0 .9 9 9 ) 0 .005  (0 .9 9 9 ) 3*+
LU 0.03U  (0 .9 9 9 ) 0 .0 0 7  (0 .9 9 5 ) 3k
s 0 .0 5 2  (0 .9 9 9 )
0 .0 0 8  ( 0 . 9 7 1 ) 23
0 .0 3 9  (0 .9 9 9 )  . 0 .0 0 6  (0 .9 9 9 ) 22
From T ab le  3 .7 ,  th e  e f f e c t s  o f  b a t c h - to - b a t c h  change in  th e  
• lu o r ic a a t  on d i s s o lu t i o n  v e re  m ost p ronounced  d u r in g  th e  k^ p h a se . 
These d i f f e r e n c e s  w ere o b v io u s ly  due t o  v a r i a t i o n  i n  p r o p e r t i e s  o f  th e  
b a tc h e s  o f  magnesium s t e a r a t e
There were s i g n i f i c a n t  d i f f e r e n c e s  in  p a r t i c l e  s i z e s  and  p a r t i c l e  
shape (F ig .  2 .1 )  o f  th e  magnesium s t e a r a t e  pow ders. P a r t i c l e s  w ere 
b a s i c a l l y  p l a t e - l i k e  in  a l l - t h e  s i x  b a tc h e s  e x c e p t f o r  b a tc h  L^t w hich
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co n ta in ed  a few agglom erates o f  n e e d le - l ik e  p a r t i c l e s . I t  i s  known
t h a t  p l a t e - l i k e  c r y s t a l s  a r e  p roduced  u nder a c id ic  c o n d i t io n s  d u r in g
th e  m a n u fa c tu re  o f  magnesium s t e a r a t e ,  and  n e e d l e - l i k e  c r y s t a l s  u n d er a l k a l in e
c o n d i t io n s  ( M i l l e r ,  York and J o n e s ,  1 9 8 2 ). T h is w ould s u g g e s t t h a t
th e r e  was in a d e q u a te  c o n t r o l  o f  pH d u r in g  th e  m a n u fa c tu re  o f  h a tc h  L^. The;*
s p e c i f i c ,  s u r f a c e  'd ia m e te r s  o f  lu b r i c a n t  pow ders v a r i e d  from  l.UOpm fo r
b a tc h  Lg t o  2.70pm f o r  b a tc h  (T ab le  2 .3 ) .  Due t o  th e  h ig h  s u r fa c e
fo rc e  a s  com pared to ' g r a v i t a t i o n a l  fo rc e s  th e s e  p a r t i c l e s  form
a g g lo m e ra te s  o f  average  d ia m e te rs  ra n g in g  from  10 t o  12jum. The d i f f e r e n c e s
in  p a r t i c l e  d ia m e te rs  w ere a l s o  obv ious d u r in g  th e  s tu d y  o f  th e
c o n s o l id a t io n  b e h a v io u r  o f  th e  lu b r i c a n t s  (F ig .  2.2)jW *ith b a tc h
show ing th e  l e a s t  change in  p a c k in g  d e n s i ty  w ith  p a c k in g . The m easurem ent
o f  e l e c t r o s t a t i c  ch arg e  d ev e lo p ed  on th e  l u b r i c a n t  s u r f a c e  a f t e r
c o n ta c t  w ith  m e ta l s u r f a c e  a l s o  showed a  w ide v a r i a t i o n  (T ab le  2 .7 ) .
A ll  t h e  d i f f e r e n t  b a tc h e s  showed e l e c t r o p o s i t i v e  ch a rg e  w ith  b a tc h  L^»
L^, and  show ing th e  h ig h e s t  ch a rg es  and  L^, and th e  l e a s t .
However, d e s p i te  th e s e  d i f f e r e n c e s ,  th e  e f f e c t  o f  b a t c h - to - b a tc h  
change on d i s s o lu t i o n  r a t e  c o u ld  s im ply  b e  c o r r e l a t e d  t o  th e  s p e c i f i c  
s u r f a c e  a r e a  o f  th e  l u b r i c a n t  f o r  fo rm u la tio n s  c o n ta in in g  ca lc iu m
i
s u lp h a te  o r  l a c to s e  (e x c lu d in g  b a tc h  L^) (F ig .  3 .2 0 ) .  W ith an in c re a s e  
in  s p e c i f i c  a re a  o f  l u b r i c a n t ,  th e  drug  d i s s o lu t i o n  r a t e  was re d u c e d .
These c o r r e l a t i o n s  a re  o b ta in e d  d u rin g  th e  k^ p h a s e ,  th e r e f o r e  th e  
e f f e c t  m ost l i k e l y  i s  r e l a t e d  t o  th e  a b i l i t y  o f  d i s s o lu t i o n  f l u i d  to  
p e n e t r a te  th e  po re  s t r u c t u r e  o f  th e  powder b e d .
. B i l la n y  and R ich a rd s  (1981) have found  t h a t  th e  b a tc h - to - b a tc h  
v a r i a t i o n  o f  magnesium s t e a r a t e  c o u ld  be  a t t r i b u t e d  to  d i f f e r e n c e s  in  
s u r f a c e - a c t iv e  w a te r - s o lu b le  im p u r i t i e s  w hich a re  le a c h e d  o u t d u rin g  
th e  d i s s o lu t io n  p ro c e s s .  These im p u r i t i e s  a r e  presum ed t o  red u ce
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F ig . 3 .2 0  C orrela tion  o f  s p e c i f i c  su rface area o f  magnesium s te a r a te
w ith  d i s s o l u t i o n . r a t e  k .—  -------------------------------------------------------









s u r f a c e  te n s io n  a t  th e  s o l i d / l i q u i d  i n t e r f a c e  w ith  a  r e s u l t a n t  
d e c re a se  in  c o n ta c t  a n g le ,  im proved w e t t a b i l i t y  and b e t t e r  s o l i d -  
l i q u i d  c o n ta c t .  The r e l a t i o n s h i p  betw een s u r f a c e  te n s io n  and c o n ta c t  
a n g le  i s  g iv en  by  th e  Y oung-D upre1s e q u a t io n :
Y lv . cos 0 = Y gv -  YgL E q u a tio n  3 . 1*
w here Y> i s  th e  i n t e r f a c i a l  te n s io n  and th e  s u b s c r ip t s  S , L. and V 
r e f e r  t o  th e  s o l i d ,  l i q u i d  and vapour p hases r e s p e c t iv e l y .  However, 
i n  th e  p r e s e n t  s tu d y , th e  o b se rv ed  r e t a r d a t i o n  c o u ld  n o t be  c o r r e l a t e d  
w ith  th e  s u r fa c e  te n s io n  o f  th e  w a te r  s o lu b le  im p u r i t i e s  (T ab le  2 .3 ) .  
I n t e r e s t i n g l y  c a p su le  fo rm u la tio n s  c o n ta in in g  la c to s e  and  magnesium 
s t e a r a t e  showed f a s t e r  r e l e a s e  r a t e  th a n  w ould b e  e x p e c te d  b a se d  
on i t s  p a r t i c l e  s i z e .  The s u r fa c e  te n s io n  o f  th e  w a te r  s o lu b le  
im p u r i t i e s  was a l s o  th e  l e a s t  -  59niNm ^ (T ab le  2 .3 )  ”  s u g g e s tin g  th a t  
th e s e  im p u r i t i e s  m o d if ie d  th e  d i s s o lu t i o n  b e h a v io u r .  W ith th e  
ex p erim en ts  o f  B i l l  any and  R ich ard s  (1 9 8 1 ) , th e  l u b r i c a n t  l e v e l :  in  t a b l e t s  
was 1% and  th e  p o o r ly  -so lu b le  d ru g ,a c e ty l s a l i c y l i c  a c id ,w a s  u se d . 
P resum ably  f o r  such  a  fo rm u la tio n ,  th e  t a b l e t  rem ains  i n t a c t  d u rin g  
th e  d i s s o lu t i o n  p ro c e s s ,  and th e  r a t e  o f  d i s s o lu t i o n  i s  no lo n g e r  
d e te rm in e d  by  th e  s i z e  o f  perm eable p o re s  w ith in  th e  com pact. ’R a th e r . 
th e  l e v e l s  o f  th e  s u r f a c e - a c t iv e  im p u r i t ie s  o r  th e  w e t t a b i l i t y  o f  th e  
compact d e te rm in e  th e  r a t e  o f  d i s s o lu t i o n .  I t  i s  th e r e f o r e  p o s s ib le  
t h a t  f o r  d rugs o f  v e ry  poo r s o l u b i l i t y ,  l u b r i c a n t  l e v e l s  in  th e  
range  n o rm a lly  u sed  in  in d u s try  ( 0 .5  -  2 % may a l lo w  th e  dosage 
form  t o  rem ain  as a  com pact and f o r  such  fo rm u la tio n s  th e s e  s u r f a c e -  
a c t iv e  im p u r i t i e s  may m odify th e  d i s s o lu t io n  r a t e .
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3 .2 .3 • 3  E f fe c t  o f  m ixing sequence
The i n i t i a l  e x p e rim en ts  on th e  e f f e c t  o f  m ix ing  sequence w ere 
p e rfo rm ed  u s in g  c a p s u le s  c o n ta in in g  lOOmg p h e n y to in  sodium  and  130mg 
d i lu e n t  ( i . e .  5 6 . 5% W^. d i l u e n t ) .  Magnesium s t e a r a t e  c o n c e n tra t io n s  
u se d  w ere 0 ,  0 .0 5 ,  0 .5  ajad. 5*0$ W^ .  The d i s s o lu t i o n  p r o f i l e s  o b ta in e d  
a re  shown in  F ig .  3^21a f o r  s e le c te d  fo rm u la tio n s  c o n ta in in g  l a c to s e  D^ as th e  
d i l u e n t  and  in  F ig .  3 .21b  f o r  ca lc iu m  s u lp h a te  D^. D is s o lu t io n  
p a ra m e te rs  c a lc u la te d  from  th e  d i s s o lu t io n  d a ta  a r e  shown in  T ab le 
3 .8  and  T ab le  3 -9 . The m ix ing  sequences (P-D , P-D -L , D -L-P, P-L-D) 
have b een  d e f in e d  in  S e c t io n  2 .2 .3 .* * .
T ab le  3 .8  The in f lu e n c e  o f  magnesium s t e a r a t e  c o n c e n tr a t io n  and 
m ix ing  sequence on th e  d i s s o lu t io n  c h a r a c t e r i s t i c s  o f  
p h e n y to in  sodium  c a p s u le s  c o n ta in in g  5 6 . 5$ l a c to s e  
as  d i lu e n t
Magnesium 
s t e a r a t e  
conc . %
M ixing
Sequence k . (min 1 k f  (m in 1 ) t ^  (min)
0 P-D .0 .0 3 8  ( 0 . 9 9 2 ) 0 .0 0 8  ( 0 . 9 8 1 ) 25
0 .0 5 P-D-L 0 .0 U8 ( 0 . 9 9 9 ) 0 .0 0 7  (0 .9 9 5 ) 21
D-L-P 0.01+8 (0 .9 8 9 ) 0 .0 0 7  (0 .9 9 9 ) 20
P-L-D 0 .0 U2 ( 0 . 9 9 9 ) 0 .0 0 8  ( 0 . 9 9 5 ) 22
0 .5 P-D-L 0 .059  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 9 ) 18
D-L-P 0 .0 5 8  (0 .9 8 9 ) 0 .0 1 0  ( 0 . 9 9 2 ) 20
P-L-D 0 .0 3 6  (0.97*0 0 .0 0 8  ( 0 . 9 8 9 ) 20
5 .0 P-D-L 0 .0 2 8  ( 0 . 9 9 2 ) 0 .0 0 5  (0.9*+0) 32
D-L-P 0 .0 3 2  (0 .99*0 0 .0 0 5  (0 .9 3 9 ) 26
P-L-D 0 .019  (0 .9 8 9 ) 0 .0 0 6  ( 0 .9 8 6 ) 30
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F ig . 3 .2 1  The in f lu e n c e  o f  m ixing sequence on th e  d is s o lu t io n  p r o f i l e
(a)
o f  c a p s u le s  c o n ta in in g  lOOmg p h e n y to in  sodium  and  (a )  130mg 
l a c to s e  and  5% magnesium s t e a r a t e ;  (b ) 130mg c a lc iu m  
s u lp h a te  d ih y d ra te  D,. and 0.5% magnesium s t e a r a t e








l 6 l  -
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T ab le  3 .9  The in f lu e n c e  o f  magnesium s t e a r a t e  c o n c e n tr a t io n  and 
m ix ing  sequence on th e  d i s s o lu t io n  c h a r a c t e r i s t i c s  o f  
p h e n y to in  sodium  c a p su le s  c o n ta in in g  56*5% c a lc iu m  s u lp h a te  
Dr- as d i lu e n t
Magnesium 
s t e a r a t e  
conc.' #
M ixing
Sequence k^ (min %’k f  (m in 1 ) t ^  (m in)
0 P-D 0 .0 5 3  (0 .9 9 9 ) 0 .0 1 5  (0 .9 9 2 ) 2k
0 .0 5 P-D-L 0 .059  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 2 ) 20.
D-L-P 0 .0 5 8  (0 .9 9 8 ) 0 .0 1 3  (0 .9 9 2 ) 20
P-L-D 0.05** (o .9 9 9 ) 0 .009  (0 .9 6 5 ) 2k
0 .5 P-D-L 0 .0 5 7  (0 .9 9 7 ) 0 .0 1 3  (0 .9 9 2 ) 19
D-L-P 0 .0 5 6  (0 .99*0 0 .0 1 3  (0 .9 9 0 ) 21
P-L-D 0 .0 5 0  (0 .9 9 0 ) 0 .0 1 2  (0 .99*0 19
5 .0 P-D-L 0.05** (0 .9 9 9 ) 0 .0 1 1  (0 .9 9 9 ) 21
D-L-P 0 .0 5 2  (0 .9 9 9 ) 0 .0 1 0  ( 0 . 9 8 7 ) 22
P-L-D O .0U5 (0 .9 9 6 ) 0 .010  (0 .99*0 23
The in f lu e n c e  o f  m ix ing  sequence was m ost p ronounced  d u rin g  th e  
d i s in t e g r a t i o n  s t a g e ,  k ^ ,  o f  th e  d i s s o lu t io n  p ro c e s s .  The e f f e c t  
o f  m ix ing  sequence was s t a t i s t i c a l l y  s i g n i f i c a n t  ( p < ,0 . l )  f o r  0 .5 #  
lu b r i c a n t  in  c a p s u le s  c o n ta in in g  ca lc iu m  s u lp h a te  and 5# lu b r i c a n t  in  
l a c to s e  c a p s u le s .  In  each  ca se  a  h ig h e r  d i s s o lu t i o n  r a t e  k^ was o b se rv e d  
when d i lu e n t  p a r t i c l e s  w ere f i r s t  in  c o n ta c t  w ith  lu b r i c a n t  in  th e  
sequence D-L-P th a n  when d rug  was f i r s t  m ixed w ith  l u b r i c a n t ,  P-L-D. 
D is s o lu t io n  r a t e  c o n s ta n ts  f o r  th e  m ix ing  sequence P-D-L w ere com parab le  
to  th o s e  in  D-L-P m ix e s . These d i f f e r e n c e s  were a c h ie v e d  u s in g  i d e n t i c a l  
com ponents, w ith  o n ly  th e  m ix ing  sequence d u r in g  p ro c e s s in g  b e in g  v a r i e d .  
I t  i s  th u s  c l e a r  t h a t  th e s e  d i f f e r e n c e s  a re  due to  changes in  s p a t i a l  
arrangem ent o f  th e  th r e e  com ponents w ith in  th e  m ix.
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Magnesium s t e a r a t e  p a r t i c l e s  a re  known t o  c o n fe r  h y d ro p h o b ic ity  
on s u b s t r a t e  p a r t i c l e s  t o  w hich th e y  a d h e re  and th e r e f o r e  i t  w ould b e  
e x p e c te d  t h a t  in  P-L-D m ixes a hyd rophob ic  f i lm  a ro u n d  drug  p a r t i c l e s  
w i l l  r e t a r d  d i s s o lu t i o n  r a t e .  In  D-L-P m ix es , l u b r i c a n t  p a r t i c l e s  
may form  a  f i lm  a ro u n d  d i lu e n t  w hich may r e t a r d  th e  d i s s o lu t io n  o f  
d i l u e n t  and  th e re b y  im prove th e  o v e r a l l  d i s s o lu t i o n  r a t e  as com pared 
to  P-L-D m ix es . A n o th er p o s s i b i l i t y  i s  th e  p r o p o r t io n  o f  l u b r i c a n t  
p a r t i c l e s  i n t e r a c t i n g  w ith  drug  p a r t i c l e s  may b e  l e s s  i n  D-L-P m ixes 
th a n  in  P-L-D m ix e s . D is s o lu t io n  r a t e s  from  P-D-L m ixes w ere s im i la r  
t o  th o s e  o f  D-L-P s u g g e s tin g  t h a t  th e  o v e r a l l  s p a t i a l  s t r u c t u r e  o f  
p a r t i c l e s  i n  th e  two m ix ing  sequence w ere s im i l a r .
The second  p a r t  o f  th e  s tu d y  in v o lv e d  a  change in  p a r t i c l e  
s iz e  o f  d rug  and  d i lu e n t  t o  im prove d ru g -d i lu e n t  p a r t i c l e  i n t e r a c t i o n s  
in  th e  s o l i d  s t a t e . I n  th e  f i r s t  p a r t  o f  th e  s tu d y  ( s e e  ab o v e ) , d rug  
p a r t i c l e  s i z e  was <Cb5)m and  th e  d i lu e n t  s i z e  was 250-355p i .
D ilu e n t c o n c e n tra t io n s  w ere up to  95% and  th e  t h r e e  d i l u e n t s  l a c to s e  D^,
l a c to s e  Dg and c a lc iu m  s u lp h a te  D^ w ere u se d . S ig n i f i c a n t  d i f f e r e n c e s  
in  d i s s o lu t i o n  p r o f i l e s  w ere o b se rv ed  o n ly  when th e  d i lu e n t  c o n c e n tra t io n s  
w ere h ig h  c o rre sp o n d in g  to  Phase 2 o f  th e  ex p e rim en ts  d is c u s s e d  in  
S e c tio n  3 .2 .2 .2 .  F ig .  3 .2 '2 , 3 .2 3  and 3.2U show th e  in f lu e n c e  o f  m ix ing  
sequence on d i s s o lu t i o n  p r o f i l e  fo r  th e ' d i l u e n t s  D^, D^ and  D  ^
r e s p e c t iv e l y ,  th e  two g raphs in  each f ig u r e  r e p r e s e n t  d i lu e n t  c o n c e n tra t io n s  
o f  80 and  95% • T here w ere a l s o  s i g n i f i c a n t  d i f f e r e n c e s  betw een  th e  
d i s s o lu t i o n  p r o f i l e s  when th e  two ty p e s  o f  l a c t o s e ,  d i l u e n t  D^ and D^» 
w ere u se d .
Two ty p e s  o f  p a t t e r n s  w ere n o te d . In  one ca se  d i s s o lu t i o n  r a t e s  
were h ig h e r  f o r  P-D-L and  D-L-P mixes th a n  f o r  t h e  c o rre sp o n d in g  P-L-D
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F ig .  3 .2 2  The in f lu e n c e  o f  m ixing  sequence on th e  d i s s o lu t i o n  p r o f i l e  
o f  p h e n y to in  sodium  c a p su le s  c o n ta in in g  l a c to s e  as 
•d i l u e n t  and 0.3% magnesium s t e a r a t e  as  l u b r i c a n t
O P-D; ■ P-D-L; A . D-L-P; •  P-L-D 
Ca) 80% DILUENT
1 0 0 -
60
T i m e  ( m i n . )
( b )  95% DILUENT
100-
6030
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F ig . 3 .2 3  The in f lu e n c e  o f  m ix in g  sequence  cn th e  d i s s o l u t i o n  p r o f i l e  
o f  p h e n y to in  sodium  c a p s u le s  c o n ta in in g  l a c t o s e  as 
i i i lu e n t  and 0 .5 $  magnesium s t e a r a t e  as l u b r i c a n t
O P-D; ■ P-D-L; a D -L-P; •  P-L-D
( a )  Q0% W/  DILUENT w




T i me ( m i n . )
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F ig . 3.2U The in f lu e n c e  o f  m ix ing  sequence on th e  d i s s o lu t i o n  o f  
p h e n y to in  sodium  c a p su le s  c o n ta in in g  c a lc iu m  s u lp h a te  
a s  d i l u e n t  and 0.5% magnesium s t e a r a t e  as  l u b r i c a n t
O P-D; ■ P-D-L; * D-L-P; •  P-L-D
(a )  80% W/  DILUENT w
100H
30
(b ) 95% \  DILUENT
T im e ( m i n . j
1001
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F ig .  3 .25 The in f lu e n c e  o f  d i lu e n t  type  and c o n c e n t r a t io n  on th e
p e rc e n ta g e  o f  phenyto in  sodium d is s o lv e d  in  30 m inutes (W^q) 
L u b r ic a n t  c o n c e n t ra t io n  0.5%> V/  > m ixing sequence 
O P - D ; D - L - P .
40
lOCj






Z D ilu o n t conc. .11





Z D ilu e n t conc.
100




40^ 20 40 60 80 
t  rti 11
100
F ig .  3 .2 6  The in f lu e n c e  o f  d i lu e n t  type  and c o n c e n t r a t io n  on th e
p e rce n tag e  o f  pheny to in  Na d is s o lv e d  in  30 m inu tes  ( W^ Q) . 
L u b r ic a n t  c o n c e n t r a t i o n  0.5/« m ix ing  sequence
P-D ; •  P -L -D




Z D ilu e n t conc. 100
100-




100Z D ilu e n t conc.
100





Z d i lu e n t  conc.
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F ig .  3 .27  The in f lu e n c e  o f  d i l u e n t  type  and c o n c e n t r a t i o n  on th e
p e rc e n ta g e  o f  phenyto in  sodium d i s s o lv e d  in  30 m inutes  (W ) .  
L u b r ic a n t  c o n c e n t ra t io n  0.5% /  ; m ixing sequence
O P -D ; ■ P -D -L .
t o o




1 D ilu e n t conc.
100i




40 1002 D iluent conc.
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m ix in g  seq u en ce . T h is  was o b se rv ed  f o r  80% o r  95$ l a c to s e  D^ 
fo rm u la tio n s  (F ig .  3 .2 2 a  and  b) and  80# c a lc iu m  s u lp h a te  D  ^
fo rm u la tio n s  (F ig .  3«2Ua). In  t h e  second  p a t t e r n ,  th e  d i s s o lu t io n  
r a t e s  fo llo w e d  th e  o rd e r  P-D-L ^  P-L-D ^  D -L-P; and  was o b se rv ed  
f o r  80 o r  95% l a c to s e  Dg fo rm u la tio n s  (F ig .  3 .2 3 a  and  b ) and  a ls o  
f o r  95$ c a lc iu m  s u lp h a te  D^ fo rm u la tio n s  (F ig .  3*2 3 b ) . The o v e r a l l  
p a t t e r n  i s  c l e a r e r  when th e  p lo t s  o f  W^q v e rsu s  d i lu e n t  c o n c e n tr a t io n  
f o r  th e  d i f f e r e n t  m ix ing  sequences a re  examined  (F ig .  3*25» 3*26 and 
3 .2 7 ) .  To a p p r e c ia te  th e  m eaning o f  t h e s e ,  i t  i s  n e c e s s a ry  to  
u n d e rs ta n d  th e  s p a t i a l  d i s t r i b u t i o n  o f  th e  com ponents in  th e  t o t a l  
m ix . These r e s u l t s  a r e  th e r e f o r e  d is c u s s e d  i n  S e c t io n  3*5*
3 .3  DISSOLUTION OF PHENYTOIN SODIUM CAPSULES: THE INFLUENCE OF
RELATIVE HUMIDITY AND PROLONGED STORAGE
The v a lu e s  f o r  p e rc e n ta g e  m o is tu re  g a in  in  c a p su le  fo rm u la tio n s  
s to r e d  a t  0 , 55 and 86/5 EH a re  shown i n  T ab le 3 .1 0 . W ith an in c re a s e  
i n  R e la t iv e  H um id ity , th e  m o is tu re  s o r p t io n  in t o  c a p su le s  in c re a s e d .
C apsu le  fo rm u la tio n s  c o n ta in in g  la c to s e  showed h ig h e r  m o is tu re  g a in  a t  86$ EH 
a f t e r  8 weeks o f  s to ra g e  th a n  th o s e  o f  c a lc iu m  s u lp h a te .  The d i s s o lu t i o n  
o f  l a c to s e  p a r t i c l e s  on u p tak e  o f  m o is tu re  p ro b a b ly  f a c i l i t a t e s  f u r th e r ,  
a b s o rp tio n  o f  m o is tu re .
The in f lu e n c e  o f  s to r a g e  a t  d i f f e r e n t  R e la t iv e  H um id ity  on th e  
p e rc e n ta g e  o f  p h en y to in  sodium  d is s o lv e d  in  30 m in u te s , W^qj i s  shown 
i n  F ig . 3 .28  f o r  drug  a lo n e  and in  F ig .  3 .29  f o r  tw o-com ponent 
f o rm u la tio n s .  D is s o lu tio n  from  c a p su le s  c o n ta in in g  d ru g  a lo n e  was 
n o t s i g n i f i c a n t l y  in f lu e n c e d  by  p ro lo n g ed  s to r a g e  a t  0% RH (F ig .  3 .2 8 a ) .
At h ig h e r  l e v e l s  o f  55 86$ EH, c a p su le  d i s s o lu t i o n  o f  s in g le
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T ab le  3 .1 0  % Change in  m o is tu re  c o n te n t o f  c a p su le  fo rm u la tio n s  s to r e d
f o r  up t o  8 weeks a t  0 , 55 and 86$ R e la t iv e  H um idity
C apsu le %
% lo s s  o r  g a in  in  m o is tu re
RH 1 wk 2 wks h wks 8 wks
empty-
0 - 1 2 .2 - 1 1 .6 - 1 1 .1 - 1 0 .8
c a p s u le
55 + 0 .8 + 1 .2 + 1 .2 + 1 .2
86 +1 0 .8 +1U.5 +1 5 .0 +15.9
0 .2 0 0 g
p h e n y to in
0 . “ 3 .3 -  3.U - -  3 .k -  3 .3
sodium
c a p su le
55 +1 0 .0 +1 0 .6 +13.7 +15.7
86 +23.1 +23.0 +23. ^ +2U.9
0 . 200g p h en y to in  
sodium  c a p su le
0 -  3 .1 -  3 .0 -  3 .1 -  3 .0
c o n ta in in g
56.555
55 + 5 .1 + 5 .5 + 7 .0 + 7.1*
la c to s e 86 +1 1 .1 +1 U.0 +1 7 .0 +2 3 .8
0 . 200g p h e n y to in  
sodium  c a p su le
0 -  3 .2 -  3 .1 -  3 .2 -  3 .1
c o n ta in in g
56.5% CaSOi .2Ho0 
'  2
55 + 5 .3 + 5 .6 + 7 .U + 7 .7
86 +1 2 .0 +13.3 +1 6 .0 +16.9
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F ig .  3 .2 8  The in f lu e n c e  o f  p ro lo n g ed  s to r a g e  u n d er d i f f e r e n t  
R e la t iv e  H u m id itie s  on d i s s o lu t io n  from  c a p s u le s  
c o n ta in in g  2Q0mg p h en y to in  sodium
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F ig . 3*29 The in f lu e n c e  o f  prolonged storage  -under d if f e r e n t  R e la t iv e
H u m id itie s  on d i s s o lu t io n  from  c a p s u le s  c o n ta in in g  56.5% 
d i lu e n t
O l a c t o s e ,  □ ca lc iu m  s u lp h a te
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component fo rm u la tio n s  was r e ta r d e d  a f t e r  p ro lo n g e d  s to ra g e  
(F ig .  3 .28b  and c ) . There was no s i g n i f i c a n t  d i f f e r e n c e  in  r e l e a s e  
r a t e s  betw een  c a p su le  fo rm u la tio n s  s to r e d  under e i t h e r  55 o r  86$ RH.
F or tw o-com ponent f o rm u la t io n s ,  th e r e  was no s i g n i f i c a n t  e f f e c t  on 
d i s s o lu t i o n  when c a p su le s  w ere s to r e d  f o r  8 w eeks a t  0$ RH (F ig . 3 .2 9 a ) .
Under 55$ FH, th e  d i s s o lu t io n  r a t e  from  fo rm u la tio n s  o f  l a c to s e  was 
i n i t i a l l y  red u ce d  a f t e r  1 t o  2 weeks o f  s to r a g e .  A f te r  f u r th e r  
s to r a g e ,  f o r  U t o  8 w eeks, d i s s o lu t io n  r a t e s  w ere com parable to  c a p su le  
fo rm u la tio n s  t e s t e d  im m ed ia te ly  a f t e r  p r e p a r a t io n .  C apsu les o f  ca lc iu m  
s u lp h a te  showed a  g ra d u a l r e d u c t io n  in  d i s s o lu t i o n  r a t e  on p ro lo n g e d  
s to ra g e  a t  55$ RH. Under 86$ RH, th e  d i s s o lu t io n  r a t e  o f  l a c to s e  
fo rm u la tio n s  was g r e a t ly  r e ta r d e d  d u rin g  s to r a g e .  C apsu les t e s t e d  
a f t e r  8 weeks o f  s to r a g e . r e l e a s e d  o n ly  20$ o f  th e  d rug  in  30 m in u te s , 
as  com pared t o  88$ when th e  fo rm u la tio n s  were t e s t e d  im m ed ia te ly  
a f t e r  p r e p a r a t io n .  F ig u re  3 .30  shows IR s p e c t r a  o f  c a p su le  c o n te n ts  
a f t e r  8 weeks o f  s to ra g e  a t  86$ RH. F ig . 3 .3 0 a  i s  f o r  p h en y to in "so d iu m  
f i l l e d  in t o  c a p su le s  a s  a  s in g le -co m p o n en t d rug  fo rm u la tio n  and F ig . 3.30b 
f o r  a tw o-com ponent fo rm u la tio n  c o n ta in in g  p h e n y to in  sodium  w ith  
la c to s e  as d i l u e n t .  In  b o th  c a s e s , i t  i s  o bv ious  t h a t  th e  a c id  fo rm , 
p h e n y to in ,h a s  been  p roduced  due t o  th e  ap p ea ran ce  o f  c h a r a c t e r i s t i c  
peaks a t  1770 > 1750 and 1720 cm ^ ( r e f e r  F ig .  3 .2 b ) .  T h e re fo re  th e  
r e t a r d a t i o n  i n  d i s s o lu t io n  o b se rv ed  f o r  c a p su le  fo rm u la t io n s '(86$ RE) is  due t o  ' 
th e  p a r t i a l  co n v e rs io n  o f  th e  sodium  s a l t  t o  th e  in s o lu b le  and r e l a t i v e l y  
hyd rophob ic  p h e n y to in . For c a p su le  fo rm u la tio n s  c o n ta in in g  l a c to s e  m ost 
o f  th e  d rug  ap p ea rs  to  have been  c o n v e rte d  t o  p h e n y to in  (F ig .  3 .3 0 b ) .
This e f f e c t ,  com bined w ith  th e  p a r t i a l  d i s s o lu t io n  o f  la c to s e  p a r t i c l e s  
in  th e  c a p su le  u nder c o n d i tio n s  o f  h ig h  RH e x p la in s  why th e  r a t e  o f  
d is s o lu t io n  o f  drug  from  such c a p su le s  was g r e a t l y  r e ta r d e d .  In  c o n t r a s t
-  17U -
F ig . 3*30 In fr a -r e d  sp ec tra  o f  capsu le con ten ts  a f t e r  8 weeks
o f  s to ra g e  a t ,  86$ RH
(a )  c a p s u le  c o n ta in in g  o n ly  P h en y to in  sodium
(b) c a p su le  c o n ta in in g  p h e n y to in  sodium  w ith  5 6 . 5# l a c to s e
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f o r  fo rm u la tio n s  c o n ta in in g  ca lc iu m  s u lp h a te  v e ry  l i t t l e  d i s s o lu t io n  
o f  d i l u e n t  o c c u rs ,  any p h en y to in  w hich i s  p r e c i p i t a t e d  i s  a l s o  in  
c o n ta c t  w ith  th e  d i l u e n t  and th e  e f f e c t  o f  s to ra g e  u n d er h ig h  RH i s  
m in im al. F o rm u la tio n s  c o n ta in in g  la c to s e  showed "brown d is c o lo u r a t io n  
a f t e r  U weeks o f  s to r a g e .  This e f f e c t  i s  due t o  th e  a lk a l in e  h y d ro ly s is  
o f  l a c t o s e ,  a  r e a c t io n  common t o  re d u c in g  su g ars  (Browne, 1955)*
3.U CHARACTERISATION OF POWDER MIXES BY SEM COMBINED WITH X-RAY ANALYSIS 
3 .U .1  S p a t i a l  d i s t r i b u t i o n  o f  p a r t i c l e s  in  tw o-com ponent m ixes 
3 .U .1 .1  D ru g -d ilu e n t mixes
F ig u re  3 .3 1  shows th e  e f f e c t  o f  in c r e a s in g  th e  p ro p o r t io n  o f  
p h e n y to in  sodium  in  a  d ru g -d i lu e n t  mix on th e  p /b  r a t i o  o f  Na+ d e te c te d  on 
th e  d i lu e n t  s u r f a c e .  The d i lu e n ts  were la c to s e  D^, l a c to s e  D^ and ca lc iu m  
s u lp h a te  d ih y d ra te  D^. The r e s u l t s  show no s i g n i f i c a n t  change in  th e  
p h e n y to in  sodium  c o n c e n tr a t io n  on th e  d i lu e n t  s u r f a c e  when th e  t o t a l  drug
c o n c e n tr a t io n  i s  in c re a s e d  from  5 to  30$. I t  can b e  assumed th e r e f o r e  t h a t
th e  d i lu e n t  s u r f a c e s  w ere f u l l y  s a tu r a te d  in  a  powder mix c o n ta in in g  3% 
d ru g . F ig . 3 .32  shows photom icrographs o f  b in a ry  m ixes o f  3% p h en y to in  
sodium w ith  la c to s e  (Graph a) and ca lc ium  s u lp h a te  D^ (G raph b ) .  Each 
mix may b e  d e s c r ib e d  as a  p a r t i a l l y  o rd e re d  random m ix . A c lo s e  ex am in a tio n  
o f  a  l a c to s e  p a r t i c l e  u nder h ig h e r  m a g n if ic a tio n  ( F ig .  3 .3 2 c) show t h a t  
a lth o u g h  th e r e  was a  n o t ic e a b le  amount o f  f r e e  d rug  v i s i b l e  in  p h o tom icrog raph  
(a ) , th e r e  was n o t com plete  coverage o f  th e  d i lu e n t  s u r f a c e .  There ap p ea r to  
be  s i t e s  o f  p r e f e r e n t i a l  ad h es io n  where m u l t i la y e r s  o f  drug ad h ere  t o  th e  
d i lu e n t  s u r f a c e .  The amount o f  drug p re s e n t  on th e  d i lu e n t  su r fa c e  a s
in d ic a te d  by  p /b  r a t i o s  fo llo w ed  th e  sequence D^/* D^> D^.
The number o f  f in e  p a r t i c l e s  o f  p h en y to in  sodium  w hich a  s in g le  
d i lu e n t  p a r t i c l e  t h e o r e t i c a l l y  i s  capab le  o f  c a r r y in g  in  a  c lo se d  packed  
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F ig .  3 .3 1  The in f lu e n c e  o f  p h en y to in  sodium c o n c e n tra t io n s  on p /b  
r a t i o  f o r  Na+ d e te c te d  on d i lu e n t  s u r fa c e





Phenytoin Na conc. Z w/w
Fig 3.32 Photomicrographs of
a) Binary mix of 5% Phenytoin Na and lactose D-.
b) Binary mix of b% Phenytoin Na and Ca sulphate D,







-  IT 8 -
a re  shown in  T able 3 .1 1 . In  each case  th e  t h e o r e t i c a l  s a tu r a t io n  number 
o f  d rug  p a r t i c l e s  on d i lu e n t  s u r f a c e  i s  2 1 , 8 3 1 .
T ab le  3 .1 1  T h e o re t ic a l  number o f  f in e  p a r t i c l e s ,  N* on each  c o a rse
d i l u e n t  p a r t i c l e  a t  d i f f e r e n t  c o n c e n tr a t io n s  o f  p h en y to in  
sodium
( f '  = 1 )
% drug  c o n te n t L ac to se  D Np 1
L ac to se  D0 
N° 2
Calcium  s u lp h a te  D, 
N° k
0 .5 2 , 1+82 2,1*52 3.T08
1 .0 5,1+89 *t,929
. ' 
T .^55
5 .0 2 6 ,0 0 0 2 5 , 681+ 3 8 , 81+2
1 0 .0
ii
5U,889 51+.222 8 2 ,0 0 0
Assuming a l l  th e  drug p a r t i c l e s  were c ap a b le  o f  a d h e r in g  to  th e  
s u r fa c e  o f  th e  d i lu e n t  p a r t i c l e s , th e  c o n c e n tr a t io n  o f  p h en y to in  < 
sodium  r e q u i r e d  to  s a tu r a t e  th e  s u r fa c e s  o f  l a c to s e  D^, and ca lc iu m  
s u lp h a te  Dj^  in  a  m onolayer w ould b e  1+.2 , 1+.3 and  2 . 9 # r e s p e c t iv e l y .
I t  i s  th e r e f o r e  n o t s u r p r i s in g  t h a t  a t  c o n c e n tra t io n s  h ig h e r  th a n  
th e s e  ( 5~30# ) ,  th e  d i lu e n t  s u r f a c e s  ap p ea red  to  b e  f u l l y  s a tu r a t e d .
3.1+.1.2 L u b r ic a n t-d i lu e n t  m ixes
The r e s u l t s  showing th e  e f f e c t  o f  ad d in g  in c r e a s in g  c o n c e n tr a t io n s
2 +o f  magnesium s t e a r a t e  on th e  p /b  r a t i o  f o r  Mg d e te c te d  on th e  s u r fa c e  
o f  d i lu e n ts  D^, and a re  shown in  F ig .  3*33. There w ere h ig h e r  
le v e ls  o f  magnesium s t e a r a t e  p r e s e n t  on l a c to s e  s u r fa c e  th a n  on la c to s e  
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The in f lu e n c e  o f  magnesium s t e a r a t e  c o n c e n tra t io n s  on 
2+p /b  r a t i o s  o f  Mg d e te c te d  in  d i lu e n t  s u r fa c e  
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a p p ro x im a te ly  l i n e a r  r e l a t i o n s h ip  "between th e  c o n c e n tr a t io n  o f  added 
lu b r i c a n t  and  th e  amount o f  lu b r i c a n t  a d h e rin g  to  th e  .d i lu e n t  s u r f a c e .  
Above 1 # , l u b r i c a n t  l e v e l s  on th e  la c to s e  s u r fa c e  ap p ea red  t o  
approach  a  l i m i t i n g  v a lu e  in d ic a t in g  t h a t  th e  s u r f a c e  was a lm o st 
s a tu r a t e d .  F ig .  3.3l+a shows a  pho tom icrograph  o f  a  mix c o n ta in in g  
d i lu e n t  w ith  1# lu b r i c a n t  and F ig . 3*3l+b shows th e  same s u r f a c e  a t  
h ig h e r  m a g n if ic a t io n .  The e n t i r e  d i lu e n t  s u r fa c e  d id  n o t ap p ea r 
s a tu r a t e d  a lth o u g h  c e r t a i n  re g io n s  (bo ttom  l e f t  hand  c o rn e r  o f  
F ig .  3 -3^a) ap p e a r s a tu r a t e d  w ith  m u l t i l a y e r  a d h es io n  o f  l u b r i c a n t .
F ig u re  . 3.3l+c shows a  pho tom icrograph  o f  a  mix o f  l a c to s e  w ith  .
5% l u b r i c a n t .  The lu b r i c a n t  p a r t i c l e s  seem to  have form ed a  f i lm  
o v er m ost o f  th e  s u b s t r a t e  s u r f a c e .
The number o f  p a r t i c l e s  o f  magnesium s t e a r a t e  each  d i lu e n t  i s  
c a p a b le  o f  c a r ry in g  in  a  m onolayer a t  lu b r i c a n t  l e v e l s  o f  0 .5  t o  10# 
i s  shown in  T ab le  3 .1 2 . In  each  case  th e  t h e o r e t i c a l  number o f  p a r t i c l e s  
r e q u ir e d  t o  s a tu r a t e  th e  d i lu e n t  s u r fa c e  i s  58*000.
T able 3 .1 2  T h e o r e t ic a l  number o f  magnesium s t e a r a t e  p a r t i c l e s *  Nf  
on each  c o a rse  d i lu e n t  p a r t i c l e  a t  d i f f e r e n t  lu b r i c a n t  
c o n c e n tra t io n s
C o n c e n tra tio n  o f  
lu b r i c a n t  {%)
L ac to se  D 
N° X
L actose  D0 
N° 2
C alcium  s u lp h a te  D. 
N°
0 .5 ll+,U86 lU ,298 21,631+
1 .0 29,119 2 8 , 71+6 1+3,*+87
2 .5 73,917 72,957 110,390
5 .0 151,720 11+9,71+8 226,583
1 0 .0 320,030 31 6 ,ll+2 1+7 8 ,3 0 9  !
Fig 3.34 Photomicrographs showing binary mixes of
a) \% Mg. stearate and lactose D. .
b) 1% Mg. stearate and lactose at higher 
magni fication.
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Assuming t h a t  a l l  a d h es io n  s i t e s  on th e  c o a rse  d i lu e n t  s u r fa c e  were 
a c t iv e  s i t e s , a p p ro x im a te ly  2% o f  added  lu b r i c a n t  w ould s a tu r a t e  th e  
s u r f a c e s  o f  l a c to s e  p a r t i c l e s  and  D^, and ab o u t 1 . 3$ w ould s a tu r a t e  
th e  c a lc iu m  s u lp h a te  s u r f a c e .  The f a c t  t h a t  th e  r e s u l t s  (F ig .  3 .33 ) 
show in c re a s e d  a d h es io n  o f  l u b r i c a n t  beyond th e s e  l e v e l s  w ould su g g e s t 
t h a t  m u l t i l a y e r  a d h es io n  h ad  o c c u r re d . B ecause o f  th e  c o h es iv e  n a tu re  
o f  magnesium s t e a r a t e  p a r t i c l e s  i t  i s  e n v isa g e d  t h a t  l u b r i c a n t  may 
ad h ere  on lu b r i c a n t  p a r t i c l e s  a l re a d y  p r e s e n t  on d i lu e n t  s u r f a c e .
3.U.1.3 L u b r ic a n t-d ru g  m ixes
Magnesium s t e a r a t e  a l s o  form s a  lu b r i c a n t  f i lm  on p h en y to in
sodium  p a r t i c l e s .  F ig . 3 .3 5 a  shows a  p h o to m icro g rap h  o f  a  n e e d le -sh a p e d
drug p a r t i c l e  w ith  a d h e r in g  f in e  p a r t i c l e s .  F ig . 3 .35b  and c show
2+ 2+X -ray  m apping o f  Na and  Mg r e s p e c t iv e l y  f o r  th e  same f i e l d  o f  v iew . 
L u b ric a n t p a r t i c l e s  a re  seen  a d h e r in g  t o  th e  p h e n y to in  sodium  p a r t i c l e .  
Coverage i s  n o t u n ifo rm  and th e r e  a p p ea r t o  b e  s i t e s  o f  p r e f e r e n t i a l  
ad h e s io n . The amount o f  lu b r i c a n t  p r e s e n t  in  th e  mix (5$) i s  in  e x c e ss  
o f  t h a t  r e q u i r e d  t o  s a tu r a t e  th e  d rug  s u r f a c e .  T h e re fo re  i t  i s  e x p e c te d  
t h a t  a  b in a ry  mix o f  d rug  w ith  5$ magnesium s t e a r a t e  w i l l  be a  p a r t i a l l y  
o rd e re d  random m ix.
3 .^ .2  S p a t i a l  d i s t r i b u t i o n  o f  com ponents in  th ree -co m p o n en t mixes 
3 •U.2 .1  E f f e c t  o f  l u b r i c a n t  c o n c e n tr a t io n
In c re a s in g  amounts o f  magnesium s t e a r a t e  w ere added to  b in a ry
+ 2+d ru g -d i lu e n t  m ix es , th e  r e s u l t i n g  p /b  r a t i o s  f o r  Na and Mg on th e  
d i lu e n t  s u r fa c e  a re  shown in  T ab le  3 .1 3  and in  F ig .  3 .3 6 a  f o r  l a c to s e  • 
F ig . 3 .36b fo r  ca lc iu m  s u lp h a te  and  F ig .  3 .3 6 c  f o r  la c to s e  D^.
Kiq 3.3b Photomicrographs of
a) Ordered unit of Mg. stearate-Phenytoin sodium in 
a powder mix containing b% lubricant.
b) X-ray dot mapping for Na ion.






+  2+ .  • •T able 3 .1 3  p /b  r a t i o s  o f  Na and Mg on d i l u e n t  s u r fa c e  o f  powder m ixes c o n ta in in g  v a ry in g
c o n c e n tra t io n s  o f  l u b r i c a n t
(v a lu e s  in  b ra c k e ts  r e f e r  to  s ta n d a rd  d e v ia tio n )
Mix
L u b ric a n t
cone
D ilu e n t
L ac tose L ac to se Calcium  s u lp h a te
Na+ M 2 +Mg Na+ M 2 +Mg Na+ iur 2 +Mg
' P~D95#
0 2 .0 0  ( 0 .1*0') 0 .0 7  (0 .0 5 ) 2 .3 5  (0 .5 2 ) 0 .1 0  ( 0 .0 5 ) 1 .0 8  (0 .3 5 ) 0 .0 7  ( 0 .0 U)
P-D-L 0 .5 1 .2 5  (0 .3 2 ) 0 .2 3  ( 0 . 1 6 ) 3-39 (O .6 5 ) 0 .3 9  (0 .0 8 ) 0 . 7U (0 .2 9 ) 0 .1 8  ( 0 .0 7 )
1 .0 O.6 7  ( 0 . 1 6 ) 0 .3 1  (0 .0 5 ) 1 .5 5  ( 0 . 58 ) 0 .U8 (0 .1 3 ) 0 .6 6  ( 0 . 1 9 ) 0 . 1*1 ( 0 . 0 8 )
2 .5 0 .6 3  (0 .1 5 ) 0 .5 1  ( 0 . 1 2 ) 1 .0 3  (0.U 5) 0 .7 5  ( 0 . 2 0 ) 0.1*5 ( 0 . 1 2 ) 0 . 1*9 ( 0 .0 9 )
- 5 .0 0 .6 l  (O .lU ) 1 .0 5  (0 .1 7 ) 0 .8 2  (0 .1 5 ) 1.1*2 (0.3U ) 0 . 1*8 . ( 0 . 1 7 ) 0 . 7^ ( 0 . 2 0 )
D-L 5 .0 - 1 .8 8  ( 0 . 2 9 ) - 1 .9 2  (0 .3 8 ) - 1 . 1*0 ( 0 . 5 2 )
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+ 2+F ig  3 .36 p /b  r a t i o s  o f  Na ( c lo s e d  sym bols) and Mg (open sym bols)
sh o v in g  th e  e f f e c t  o f  a d d in g  in c r e a s in g  c o n c e n tra t io n s  o f  
magnesium s t e a r a t e  (L^) to  a  b in a ry  mix o f  d rug  and d i lu e n t  
(1 :1 9 )
(a )  L ac to se  (b) c a lc iu m  s u lp h a te  d ih y d ra te
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T here i s  a  g ra d u a l r e d u c t io n  i n  c o n c e n tr a t io n  o f  d rug  a d h e r in g  to  th e  
d i l u e n t  s u r f a c e .  At t h e  same t im e ,  th e r e  i s  in c r e a s e d  a d h e s io n  o f  
l u b r i c a n t  to  th e  d i l u e n t .  When 5# lu b r i c a n t  i s  added  to  l a c to s e  D^, 
o r  ca lc iu m  s u lp h a te  D^, th e r e  i s  a  r e d u c t io n  in  th e  amount o f  
a d h e r in g  drug  t o  ab o u t 31» 35 and kh% r e s p e c t iv e ly  o f  th e  i n i t i a l  
v a lu e s  o b ta in e d  i n  P-D m ix es . The r e s u l t s  a l s o  show a  p r e f e r e n t i a l  
a d h e s io n  o f  magnesium s t e a r a t e  t o  l a c to s e  as com pared to  ca lc iu m  
s u lp h a te  p a r t i c l e s .  -The g ra d u a l r e d u c t io n  in  d rug  c o n c e n tr a t io n  on 
th e  d i lu e n t  s u r fa c e s  i s  e x p la in e d  by  c o m p e tit io n  be tw een  drug  and  
lu b r i c a n t  p a r t i c l e s  f o r  a d h e s io n  s i t e s  on th e  d i l u e n t  w ith  lu b r i c a n t  
p a r t i c l e s  d is p la c in g  d ru g . The r e s id u a l  c o n c e n tr a t io n  o f  drug  
rem a in in g  (30-^5#)»  in  m ixes c o n ta in in g  5# l u b r i c a n t ,  m a y b e  due to  
d rug  p a r t i c l e s  w hich have form ed s tro n g  a d h e s io n a l  bonds w ith  d i l u e n t  
and c o u ld  n o t be  d is lo d g e d  by  th e  com peting e f f e c t  o f  th e  magnesium 
s t e a r a t e .  Such d rug  p a r t i c l e s  may b e  lo d g e d  in  c r e v ic e s  w here th e y  
can form  a  s tro n g  a d h e s iv e  co u p le  bn th e  d i l u e n t  s u r f a c e  ( S t a n i f o r t h ,  
1 9 8 0 ). A nother p o s s i b i l i t y  i s  t h a t  d rug  p a r t i c l e s  may a s s o c ia t e  w ith  
lu b r i c a n t  p a r t i c l e s  to  form  s t a b l e  d r u g - lu b r ic a n t  u n i t s  on th e  d i l u e n t  
s u r f a c e .  T able 3.11+ com pares th e  e f f e c t s  o f  a d d in g  0 .5 #  magnesium 
s t e a r a t e  to  b in a ry  m ixes o f  d rug  and  d i lu e n t  c o n ta in in g  d i f f e r e n t  
amounts o f  d i l u e n t .  The two ty p e s  o f  l a c to s e  ,D^ and  a re  com pared.
L ac to se  showed a  f a l l  in  d rug  c o n c e n tr a t io n  when 0 .5 #  
lu b r i c a n t  was added , how ever, f o r  l a c to s e  th e  d rug  c o n c e n tra t io n s  
w ere alw ays in c re a s e d ; Two mechanisms may be p ro p o sed  t o  e x p la in  
th e  u n ex p ec ted  r e s u l t  w ith  la c to s e  D^; th e s e  a r e  shown s c h e m a tic a l ly  
i n  F ig . 3.37* The f i r s t  p o s s i b i l i t y  (Scheme l )  i s  t h a t  th e  magnesium 
s t e a r a t e  ad h eres  to  th e  d i lu e n t  s u r f a c e  e n a b lin g  more d rug  p a r t i c l e s  to  
adhere  e i t h e r  to  l u b r i c a n t  p a r t i c l e s  on th e  d i l u e n t  s u r f a c e  o r  p o s s ib ly
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F ig .  3 .37 Two p o s s ib le  mechanisms -proposed to  e x p la in  th e  in c re a s e d  
adhes ion  o f  pheny to in  sodium p r e s e n t  on d i l u e n t  s u r fa c e  
when 0 .5 % magnesium s t e a r a t e  i s  added to  a b in a ry  mix o f  
drug and d i l u e n t
Mg stearate agglomerates
"17+







o* - drug-lubricant unit
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+ 2+T able 3 .1 ^  p /b  r a t i o s  o f  Na and Mg on d i lu e n t  s u r f a c e  in  powder 
m ixes c o n ta in in g  p h en y to in  sodium and  l a c to s e  and  D^
• as  d i lu e n t  to  which. 0 .5 $  magnesium s t e a r a t e ; h a s  b een lad d ed
(v a lu e s  in  b ra c k e ts  r e f e r  to  s ta n d a rd  d e v ia t io n )
L ac to se Mix L ac to se  D.. L ac to se  D„2> _ _co n c . % ' Na M g^ Na Mg
80 P-D • 
P-D-L
2 .2 7  (0 .6 7 ) 
2.0U (0.9U )
0 .1 2  (0 .0 3 ) 
0 .1 6  ( 0 .0 8 )
2 .5 9  (0 .5 2 )  
3 .6 1  (1 .1 2 )
0 .1 8  (0 .0 8 )  
0 .3 7  (0 .0 5 )
90 P-D
P-D-L
2 .3 1  (0 .5 1 )  
1 .5 3  (0 .5 2 )
0 .0 8  ( 0 . 0 U) 
0 .1 9  (0 .0 7 )
2.UU
3 .^5
C o . 5 1 )
(0 .8 5 )
0 . 1U ( 0 . 0 U) 
O .k l  (0 .0 8 )
1 95i P-DP-D-L
2 .0 0  (0.U 0) 
1 .2 5  (0 .3 2 )
0 .0 7  (0 .0 5 ) 
0 .2 3  ( 0 . 1 6 )
2 .3 5
3 .39
(0 .5 2 )
(0 .6 5 )
0 .1 0  ( 0 . 0 5 ) 
0 .3 9  ( 0 . 0 8 )
t o  th e  d i lu e n t  s u r fa c e  a d ja c e n t to  l u b r i c a n t  p a r t i c l e s .  The second  
p o s s i b i l i t y  (Scheme 2) i s  t h a t  l u b r i c a n t  p a r t i c l e s  i n t e r a c t  w ith  f r e e  
d ru g  p a r t i c l e s  form ing d ru g - lu b r ic a n t  u n i t s  w hich th e n  ad h ere  t o  th e  
d i lu e n t  s u r f a c e .  I t  i s  l i k e l y  t h a t  b o th  m echanisms do o c c u r d u r in g  th e  
m ixing  p ro c e s s  a lth o u g h  one p ro c e s s  may p red o m in a te . However, such 
u n i t s  form ed on th e  d i lu e n t  s u r fa c e  ap p ea r to  b e  u n s ta b le  as  th e y  a re  
e a s i l y  d is lo d g e d  by  ad d ing  in c re a s in g  c o n c e n tra t io n s  o f  magnesium s t e a r a t e .  
P rob ab ly  t h i s  e x p la in s  why th e r e  i s  no ev id en ce  f o r  such  u n i t s  in  m ixes 
c o n ta in in g  la c to s e  D  ^ o r  ca lc iu m  s u lp h a te  D^.
In  te rm s o f  th e  s p a t i a l  s t r u c t u r e  o f  th e  w hole mix as in c r e a s in g  
amounts o f  drug a re  s t r ip p e d  from  d i lu e n t  s u r fa c e  by th e  l u b r i c a n t ,  th e  
le v e ls  o f  f r e e  drug a v a i la b le  to  i n t e r a c t  w ith  o rd e re d  u n i t s  w ith in  th e  
mix w i l l  in c r e a s e .  T his f r e e  drug  w i l l  i n t e r a c t  w ith  lu b r i c a n t  p a r t i c l e s  
in  such  a  way t h a t  th e  t o t a l  mix w i l l  c o n ta in  d r u g - d i lu e n t - lu b r i c a n t  u n i t s ,  
d ru g - lu b r ic a n t  u n i t s  and p ro b ab ly  a ls o  f r e e  a g g lo m era te s  o f  l u b r i c a n t s .
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3 . U. 2 . 2  E ffe c t  o f  m ixing sequence
+ 2+The e f f e c t  o f  m ix ing  sequence on p /b  r a t i o s  o f  Na and Mg 
d e te c te d  on d i lu e n t  s u r f a c e s  a re  shown i n  T ab le  3 .1 5  and. F ig .  3 .3 8 .
An a n a ly s i s  o f  v a r ia n c e  o f  th e  e f f e c t  o f  m ix ing  sequence  in d i c a te s  
t h a t  th e  m ixing  sequence  h ad  a  s i g n i f i c a n t  e f f e c t  on l e v e l s  o f  p h e n y to in  
sodium and magnesium s t e a r a t e  d e te c te d  on th e  d i l u e n t  s u r f a c e .  There 
was a l s o  a  s i g n i f i c a n t  i n t e r a c t i o n  betw een  m ix ing  sequence and th e  
ty p e  o f  d i lu e n t  u se d  (T ab le  3 .1 6  and  3 . IT ) .
From F ig . 3*38 when d i lu e n t  was f i r s t  m ixed w ith  lu b r i c a n t  in  
th e  D-L-P seq u en ce , t h e  a d h e s io n  o f  d rug  and  l u b r i c a n t  was more 
e x te n s iv e  th a n  in  th e  P-L-D seq u en ce . In  P-D-L m ix es , th e  l e v e l s  o f  
lu b r i c a n t  on th e  d i l u e n t  s u r f a c e  w ere s im i l a r  t o  th o s e  i n  D-L-P m ixes 
b u t  th e  q u a n t i ty  o f  p h e n y to in  sodium  a d h e r in g  depended on w h eth er th e  
l u b r i c a n t  im p a ire d  a d h e s io n  o r  f a c i l i t a t e d  a d h e s io n  o f  d ru g . Where 
as in  th e  case  o f  l a c to s e  and c a lc iu m  s u lp h a te  D^, th e  lu b r i c a n t  
p re sen ce  im p a ire d 'a d h e s io n , th e  c o n c e n tra t io n  o f  d rug  on th e  d i lu e n t  
s u r f a c e  was low er th a n  f o r  th e  o th e r  two m ix ing  se q u e n c e s . When th e  
l u b r i c a n t  f a c i l i t a t e d  ad h es io n  o f  d ru g , as in  th e  ca se  o f  D^, drug  
c o n c e n tra t io n s  w ere h ig h e r .
In  th e  D-L-P m ix e s , th e  amount o f  l u b r i c a n t  d e te c te d  on th e
s u r fa c e  o f  d i lu e n t  was 61+#, was 70$ and  D^ was 51$ o f  t h e  f ig u r e
re c o rd e d  f o r  th e  o r i g i n a l  D-L~ caf mix (T ab le  3 .1 5 ) .  From E q u a tio n  1 .2 1u. y/o
(page 1+2), abou t 2% l u b r i c a n t  i s  r e q u i r e d  t o  f u l l y  s a tu r a t e  th e  d i lu e n t  
s u r f a c e ,  th e r e f o r e  a s s uming t h a t  when 0 .5 $  magnesium s t e a r a t e  was added , 
a l l  lu b r i c a n t  ad h ered  t o  th e  d i lu e n t  s u r f a c e ,  th e s e  r e s u l t s  show t h a t  
a f t e r  ad d ing  th e  t h i r d  component p h e n y to in  sodium , o n ly  a. . f r a c t i o n  o f  th e  i n i t i a l  
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F ig . . 38 The in f lu e n c e  o f  m ixing  sequence in  a  t e r n a r y  mix on p /b
• 2 +  • r a t i o s  o f  Na and Mg d e te c te d  on d i l u e n t  s u r f a c e






+ 2+ . . « •Table 3 .15  p /b  r a t i o s  o f  Na and Mg d e te c te d  on d i lu e n t  s u r f a c e s  in  v a r io u s  powder mixes
(v a lu e s  in  b ra c k e ts  r e f e r  t o  s ta n d a rd  d e v ia t io n )
Powder
Mix
L ac to se L ac tose Calcium  s u lp h a te  d ih y d ra te  D,
Na+ 2 +Mg Na+
+CM* Na+ Mg
p -rW
2 .0 0  (0.1*0) 0 .0 7  (0 .0 5 ) 2 .35  (0 .5 2 ) 0 .1 0  ( 0 . 05 ) 1 .0 8  (0 .3 5 ) 0 .0 7  (o .oi*)
P_D95#~I,0 .52 1 .25  (0 .3 2 ) 0 .2 3  ( 0 .16 ) 3 .39 (0 .6 5 ) 0 .3 9  (0 .0 8 ) 0 . 7 I* (0 .2 9 )
0 .1 8  ( 0 .0 7 )
P_L0 .5 ^ _D95!S l .T ^  (0 .3 1 ) 0 .2 0  (0 .3 1 ) 2 .27  (0 .7 8 ) 0 .3 1  (0 .0 8 ) 0 .9 3  ( 0 .5 5 ) . 0 .1 6  ( 0 .0 6 )
D 9 5 ^ 0 . 5 i T p 2 .3 0  (o .6o ) 0 .29  ( 0 . 81 ) 2 .5 0  (0.81*) 0.1*5 (0 .0 9 ) 1 .6 6  (0 .7 5 ) 0 .1 8  ( 0 .0 7 )
D_L0 .5? 0 .1 8  (O .lU ) 0.1*1* (0 .1 1 ) 0 .1 7  ( 0 . 06 ) 0.61* (0 .1 2 ) 0 .1 5  (0 .0 9 ) 0 .3 5  (0 .0 7 )
192
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T ab le  3 .16  A n a ly s is  o f  v a r ia n c e  o f  th e  e f f e c t  o f  m ix ing  sequence 
and d i lu e n t  ty p e  on th e  p /b  r a t i o  f o r  Na+ d e te c te d  
on d i lu e n t  s u r fa c e
S ource o f  
v a r i a t i o n
D egrees o f  
freedom




V arian ce  
R a tio  F
M ixing sequence 2 7.6U7 3 .823 11 .7 3  *
D ilu e n t ty p e 2 83.111 U l.556 1 2 7 .U7 *
I n t e r a c t i o n k 25.380 6 .3 ^5 19 . H6 * •
E r r o r 171 55.763 0 .3 2 6
T o ta l 179 171.900
*
s i g n i f i c a n t  a t  0 .1 % l e v e l
T ab le  3 . IT A n a ly s is  o f  v a r ia n c e  o f  th e  e f f e c t  o f  m ix ing  sequence
2 +and d i lu e n t  ty p e  on th e  p /b  r a t i o  f o r  Mg p r e s e n t  on 
d i lu e n t  s u r fa c e
S ource  o f  
v a r i a t i o n
D egrees o f  
freedom




V arian ce  
R a tio  F
M ixing sequence 2 0 .0 6 1 1 1 0.03055 3 .8 2  t
D ilu e n t ty p e 2 0.72300 0.36150 1+5.2U ©
I n te r a c t io n k 0.32057 • 0 . 0801U 1 0 .0 3  ©
E rro r 171 1.36609 0.00799
T o ta l 179 2.U7077
+
S ig n i f i c a n t  a t  2 .5 $  l e v e l  
© S ig n i f i c a n t  a t  0 .1 $ ' l e v e l
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l u b r i c a n t  may i n t e r a c t  w ith  f r e e  d rug  p a r t i c l e s  to  form  d ru g - lu b r ic a n t  
u n i t s  o r  i s  f r e e  w ith in  th e  m ix. There was no s i g n i f i c a n t  .d i f f e r e n c e  
(p  = 0 .05$ ) "between p /b  r a t i o s  o f  Na+ f o r  th ree -co m p o n en t P-L-D m ixes 
and tw o-com ponent P-D m ixes. However, p /b  r a t i o s  o f  Na in  D-L-P m ixes 
w ere much h ig h e r  th a n  th o s e  f o r  th e  P-D m ix. T h is s u g g e s ts  t h a t  o rd e re d  
u n i t s  o f  d r u g - lu b r ic a n t ,  i n t e r a c t e d  w ith  d i lu e n t  t o  .the  same e x te n t  
as d rug  p a r t i c l e s  a lo n e , i n d i c a t in g  t h a t  th e  p a r t i a l  co v erag e  o f  
l u b r i c a n t  on drug  p a r t i c l e s  d id  n o t in f lu e n c e  th e  a b i l i t y  o f  th e  drug  
to  adhere  t o  th e  d i lu e n t  s u r f a c e .  However, a  l u b r i c a n t  f i lm  on th e  
d i lu e n t  s u r fa c e  in c re a s e d  th e  ten d en cy  fo r  d rug  to  a d h e re  to  t h a t  s u r fa c e  
(m ixing sequence D -L -P ). Thus r e f e r r i n g  to  th e  two p ro p o se d  mechanisms 
to  e x p la in  th e  h ig h  le v e ls  o f  drug  o b se rv ed  on th e  d i l u e n t  s u r fa c e  f o r  
P-Dg-L mixes (F ig .  3 .37 )»  i t  seems lo g i c a l  to  conclude  t h a t  though  b o th  
mechanisms a re  l i k e l y  to  o c c u r , th e  f i r s t  mechanism (Scheme ”1 ” ) p ro b a b ly  
p redom inates in  th e  t o t a l  m ix. L u b ric a n t le v e ls  on th e  d i lu e n t  s u r f a c e  
in  P-D-L m ixes w ere com parable t o  th o se  in  D-L-P m ixes.v
In  te rm s o f  th e  s p a t i a l  a rran g em en t, D-L-P m ixes w i l l  c o n ta in  th e  
lo w es t l e v e l s  o f  b o th  drug  and lu b r i c a n t  e x i s t i n g  as  a  random  mix w ith  
o rd e re d  u n i t s  o f  d i lu e n t  — lu b r i c a n t  — drug  p a r t i c l e s .  P—L—D m ixes w i l l  
c o n ta in  th e  h ig h e s t  l e v e l s  o f  f r e e  lu b r ic a n t ',  w hich may i n t e r a c t  w ith  
f r e e  d rug  p a r t i c l e s .  F in a l ly ,  P-D-L m ixes w i l l  c o n ta in  th e  h ig h e s t  
c o n c e n tra t io n  o f  f r e e  drug  p a r t i c l e s  when s t r i p p i n g  o f  drug  from  d i lu e n t  
s u r fa c e  o c c u rs . These e f f e c t s  a re  sum m arised s c h e m a tic a l ly  in  F ig .  3 .3 9 .
-  195 -
F ig .  3*39 Schem atic r e p r e s e n t a t i o n  o f  th e  e f f e c t  o f  m ix ing  sequence 
on t h e  s p a t i a l  arrangement o f  th e  t h r e e  components in  
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3.1+.2.3 E f f e c t  o f  d i l u e n t  •
F ig . 3.U0 shows th e  e f f e c t  o f  d i l u e n t ,  ty p e  and s o u rc e , on 
th e  amount o f  d rug  and lu b r i c a n t  ad h e rin g  to  th e  d i l u e n t  s u r f a c e .
L ac to se  showed th e  h ig h e s t  le v e ls  o f  d rug  and lu b r i c a n t  and 
ca lc ium  s u lp h a te  th e  l e a s t .
The fo rc e s  r e s p o n s ib le  f o r  ad h es io n  d u r in g  p h a rm a c e u tic a l 
powder m ixing a re  London-van d e r  W aals, e l e c t r o s t a t i c  fo rc e s  and  
m o is tu re  bon d in g . T ab le  2 . J  shows th e  mean s p e c i f i c  charge  dev e lo p ed  
on d rug  and e x c ip ie n t  powders on c o n ta c t w ith  a  m e ta l s u r f a c e .  P h en y to in  
sodium  and. . l a c to s e  developed  e le c t r o n e g a t iv e ,  ch arg es  w h i l s t  
l a c to s e  D^, ca lc iu m  s u lp h a te  and magnesium s t e a r a t e  d ev e lo p ed  
e l e c t r o p o s i t iv e  c h a rg e s .  F or ad h esio n  to  o c c u r  o p p o s ite  ch a rg e s  m ust 
a t t r a c t ,  th e r e f o r e  i t  i s  u n l ik e ly  t h a t  th e  e l e c t r o s t a t i c  f o r c e  was 
th e  p rim ary  fo rc e  r e s p o n s ib le  f o r  th e  h ig h  l e v e l s  o f  drug  o b se rv ed  
on l a c to s e  s u r f a c e .  M o istu re  l e v e l s  on th e  t h r e e  d i l u e n t s  w ere 
com parable (T ab le  2 .6 )  and so. t h i s  a l s o  does n o t e x p la in  th e  t r e n d  
o b se rv ed . An ex am in a tio n  o f  th e  s u r fa c e s  o f  th e  d i l u e n t s  (F ig .  2 .1 )  
shows th a t  l a c to s e  Dg s u r fa c e s  were porous w h i l s t  l a c to s e  and 
ca lc iu m  s u lp h a te . w ere r e l a t i v e l y  sm ooth. W hatever th e  f o r c e  
r e s p o n s ib le  f o r  a d h e s io n , th e  c re v ic e s  p ro b a b ly  a c t  as  m ech an ica l 






-  197 "
F ig . 3.U0 The in f lu e n c e  o f  d i l u e n t ,  ty p e  and s o u rc e , on p /b
r a t i o  o f  Na and Mg io n s  d e te c te d  on d i lu e n t  su r fa c e  
( v e r t i c a l  b a rs  r e f e r  to  95$ c o n fid e n ce  l i m i t s )
p /b  r a t i o s  a re  mean v a lu e s  f o r  a l l  m ix ing  sequences
3 . 0 '
2.0
- Na
1 . 0 -
2+
- Mg
Lactose D Lactose D Calcium sulphate D
Oiluont
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3 .5  GENERAL DISCUSSION -  THE RELATION BETWEEN DISSOLUTION BEHAVIOUR
AND SPATIAL DISTRIBUTION .OF" COMPONENTS ACHIEVED, BY-MIXING .
For tw o-com ponent powder m ixes , i t  h a s  been  shown in  S e c t io n  
3 . U. 1 .1 ,  t h a t  th e r e  was an i n t e r a c t io n  d u r in g  m ixing  betw een  drug  and  
d i lu e n t  p a r t i c l e s  t o  form  o rd e re d  u n i t s . T here w ere s i g n i f i c a n t  
d i f f e r e n c e s  in  e x te n t  o f  in t e r a c t io n  betw een  drug  and  th e  d i f f e r e n t  
d i lu e n ts  D ^  D2 o r  D^. The drug  c o n c e n tra t io n s  u sed  ( ^ 5 $ ) ,  w ere 
in  ex ce ss  o f  c o n c e n tr a t io n s  r e q u ir e d  t o  f u l l y  s a tu r a t e  th e  d i lu e n t  
s u r fa c e s  and  m ost o f  th e  drug  p a r t i c l e s  w ere f r e e  w i th in  th e  mix and  
a b le  t o  form  s e p a ra te  ag g lo m era tes  o f  th e  d ru g . The p re se n c e  o f  
d i lu e n t  has b een  shown t o  g e n e ra l ly  r e t a r d  d i s s o lu t i o n  r a t e  (S e c t io n  
3 .2 .2 .2 )  th e r e f o r e  i t  w i l l  be e x p ec ted  t h a t  in c re a s e d  m utual 
d i s t r i b u t i o n  o f  d ru g  and d i lu e n t  p a r t i c l e s  sh o u ld  r e t a r d  d i s s o lu t i o n  
r a t e  even f u r t h e r .  As such one w ould ex p ec t d i s s o lu t i o n  r a t e s  from  
b in a ry  P-D1 m ixes to  be h ig h e r  th a n  from  P-D^ m ixes f o r  com parable 
d i lu e n t  p a r t i c l e  s i z e s .  T h is  p ro b ab ly  e x p la in s  why d i s s o lu t io n  
r a t e s  f o r  P-Dl(2 5 0 _355;m )(F ig .  3 . 16a ) a r e  h ig h e r  th a n  P-Dg( 250 - 355^ )  
(F ig . 3 .1 6 b ). The e f f e c t  w i l l  be more obv ious in  low dose p r e p a r a t io n s  
w here d rug  c o n c e n tr a t io n s  l e s s  th a n  1% a r e  u se d .
F or t h r e e —component fo rm u la tio n s  c o n ta in in g  magnesium s t e a r a t e  
as l u b r i c a n t ,  d i f f e r e n c e s  in  th e  s p a t i a l  a rrangem en t o f  th e  com ponents 
r e s u l t e d  in  s i g n i f i c a n t  d if f e r e n c e s  in  d i s s o lu t io n  r a t e .  T h is was 
p a r t i c u l a r l y  obv ious when th e  m ixing sequence was v a r ie d  (F ig . 3»22, 
3 .2 3 , 3.2h-). For fo rm u la tio n s  p re p a re d  a c c o rd in g  t o  th e  m ix ing  
sequence D-L-P (D ilu e n t -  L u b ric a n t -  P h en y to in  so d iu m ), th e  d i s s o lu t i o n  
r a t e s  a re  low er th a n  th o s e  o f  th e  b in a ry  P—D m ix. Thus a l th o u g h  th e  
p re se n c e  o f  s o lu b le  d i lu e n ts  r e ta r d e d  d i s s o lu t io n  r a t e ,  a  h y d ro p h o b ic
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f i lm  on th e  d ilu e n t  su r fa ce  reduced th e  d is s o lu t io n  r a te  fu r th e r .
T his i s  b e c a u se  th e  d i l u e n t  u sed  had  a  d u a l  r o l e  in  
m o d ify in g  d i s s o lu t io n  b e h a v io u r .  I t s  h y d ro p h i l ic  n a tu re  a llo w s  th e  
p e n e t r a t i o n  o f  aqueous f l u i d  i n t o  th e  powder b ed  and i t s  s o l u b i l i t y  
and  d i f f u s io n  l a y e r  pH d e te rm in e  th e  amount o f  p h e n y to in  t h a t  w i l l  be  
p r e c i p i t a t e d  fo llo w in g  i n i t i a l  d i s s o lu t i o n .  I t  i s  th u s  p o s s ib le  t h a t  
a  p a r t i a l  s u p p re s s io n  o f  th e  r a t e  o f  d i s s o lu t io n  o f  d i lu e n t  p a r t i c l e s ,  
w h i l s t  m a in ta in in g  th e  h y d r o p h i l ic  n a tu re  o f  th e  d i lu e n t  by  v i r t u e  
o f  .o n ly  a  p a r t i a l  coverage  o f  d i lu e n t  p a r t i c l e s  w ith  l u b r i c a n t ,  may 
cause  th e  d i s s o lu t io n  r a t e s  o f  D-L-P m ixes to  b e  h ig h e r  th a n  th o s e  
o f  P-D m ix es . A t h ig h  d i lu e n t  c o n c e n tra t io n s  r e f e r r e d  t o  a s  Phase 2 
in  S e c t io n  3 .2 .2 .2 ,  th e  d i s s o lu t io n  r a t e s  a r e  r e t a r d e d  t o  an even 
g r e a t e r  e x te n t  f o r  fo rm u la tio n s  c o n ta in in g  la c to s e  D^ and ca lc iu m  
s u lp h a te  D^ ( F ig .  3 .2 3 b , 3*2Ub). The r e s u l t s  o f  s e m i - q u a n t i t a t iv e  
a n a ly s i s  o f  magnesium s t e a r a t e  on th e  s u r f a c e  o f  th e s e  d i lu e n ts  show 
t h a t  th e  amount o f  a d h e r in g  lu b r i c a n t  was g r e a t e s t  f o r  l a c to s e  D  ^
and l e a s t  f o r  c a lc iu m  s u lp h a te  D^ (F ig .  3 .3 8 ) .  A r e l a t i v e l y  in s o lu b le  
d i lu e n t  such  a s  ca lc iu m  s u lp h a te ,  w i l l  b e  p a r t i c u l a r l y  s e n s i t i v e  t o  th e  
p re se n c e  o f  a  hyd ro p h o b ic  f i lm .  A lso  th e  g r e a t e r  amount o f  l u b r i c a n t  
on la c to s e  D^ as  com pared t o  l a c to s e  D^, w ould e x p la in  why fo rm u la tio n s  
o f  D ^ ^ ^ - L - P  show a  much lo w er d i s s o lu t i o n  r a t e  th a n  th o s e  o f
E'l ( 9 5 ^ ) - r ,-P *
When in c r e a s in g  amounts o f  h y d ro p h i l ic  d i lu e n ts  a re  added t o  
th e  P-L m ix, t o  form  a  P-L-D m ix ing  seq u en ce , th e  d i s s o lu t i o n  r a t e s  
a re  in c re a s e d  as w ould b e  e x p e c te d . D is s o lu t io n  r a t e s  in  P-L-D m ixes 
(F ig .  3 .2 6 ) a re  lo w er th a n  in  P-D m ixes due t o  th e  h y d rophob ic  f i lm  
form ed on d rug  p a r t i c l e s .
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The r e s u l t s  in  S e c tio n  3 .2 .3 .1  show t h a t  when up to  0 .5 $  
magnesium s t e a r a t e  i s  added to  a  b in a ry  mix c o n ta in in g  56 .5$  
d i lu e n t  in  th e  sequence P-D-L, im proved d i s s o lu t i o n  r a t e s  a re  
o b se rv e d . The r e s u l t  i s  th o u g h t t o  b e  a  r e s u l t  o f  d ru g  b e in g  
s t r ip p e d  from  d i lu e n t  s u r fa c e  b y  th e  l u b r i c a n t  w ith  a  r e s u l t a n t
in c re a s e  in  th e  c o n c e n tra t io n  o f  " f r e e "  d rug  p a r t i c l e s  e x i s t i n g  a s
ag g re g a te s ; w ith  o rd e re d  u n i t s  w ith in  th e  m ix. When such  a  mix 
i s  e n c a p s u la te d ,  d ru g  p a r t i c l e s  a r e  e a s i l y  d is p e r s e d  in to  d i s s o lu t io n  
medium once th e  c a p s u le  i s  p e n e t r a te d  by  aqueous f l u i d .  W ith an 
in c re a s e  i n  l u b r i c a n t  l e v e l s ,  t h e  ad h e s io n  o f  lu b r i c a n t  to  b o th  d rug
and d i lu e n t  p a r t i c l e s  i s  in c re a s e d .  A lso  th e  c o n c e n tr a t io n  o f
lu b r i c a n t  in  th e  t o t a l  mix i s  in c re a s e d ,  r e s u l t i n g  in  an  o v e r a l l  
in c re a s e  in  h y d ro p h o b ic ity  o f  th e  mix and a  d e c re a se  in  d i s s o lu t io n  
r a t e s .
When d i lu e n t  l e v e l s  in  P-D m ixes a re  in c re a s e d  above 5 6 .5 $ s th e  
p ro p o r t io n  o f  d rug  a d h e r in g  to  d i lu e n t  s u r f a c e  in c re a s e s  a lth o u g h  th e  
d rug  to  d i l u e n t  r a t i o  in  o rd e re d  u n i t s  rem ain  c o n s ta n t  (S e c t io n  3 - U . l . l ) . 
The a d d i t io n  o f  lu b r i c a n t  to  such  m ixes w i l l  le a d  t o  s t r i p p i n g  o f  
drug  w ith  a d h e s io n  o f  l u b r i c a n t  to  th e  d i lu e n t  s u r f a c e .  I t  w i l l  be 
e x p ec ted  t h a t  d i s s o lu t i o n  r a t e s  f o r  su ch  m ixes sh o u ld  b e  h ig h e r  th a n  
th o s e  in  th e  o r i g i n a l  P-D m ixes . The f a c t  t h a t ,  in  t h i s  c a se  a t  h ig h e r  
d i lu e n t  l e v e l s ,  d i s s o lu t io n  r a t e s  a re  in  g e n e ra l  low er s u g g e s ts  t h a t  
e i t h e r  th e r e  i s  an e x te n s iv e  i n t e r a c t i o n  o f  lu b r i c a n t  w ith  th e  d i lu e n t  
o r  t h a t  th e r e  i s  an o v e r a l l  in c re a s e  in  h y d ro p h o b ic i ty  o f  m ix. 
F o rm u la tio n s  c o n ta in in g  la c to s e  D^ showed h ig h  l e v e l s  o f  b o th  drug  and 
lu b r i c a n t  on d i lu e n t  s u r fa c e  (T ab le  3 * 1 3 ). Such m ixes showed poor 
d i s s o lu t io n  b e h a v io u r  as would b e  e x p e c te d .
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The t o x i c i t y  o b se rv e d  in  e a r l i e r  s tu d ie s  (McQueen, 1968) -when 
p a t i e n t s  s t a b i l i s e d  on fo rm u la tio n s  o f  p h en y to in  sodium  w ere changed from  c a lc iu m  
s u lp h a te  t o  th o s e  c o n ta in in g  l a c to s e  has  been  e scp la in ed  as a  c o n v e rs io n  o f  
th e  d ru g  t o  an  in s o lu b le  c a lc iu m  complex (B ochner e t  a l ,  1972b; 1973)*
From th e  above d i s c u s s io n s ,  o th e r  f a c to r s  w ould a l s o  seem to  have b een  
in v o lv e d . T y re r  et_ a l  (1970) r e p o r te d  t h a t  a p a r t  from  th e  change in  
d i l u e n t ,  th e  m a n u fa c tu re rs  a l s o  in c re a s e d  th e  c o n te n ts  o f  magnesium 
s t e a r a t e  and  magnesium s i l i c a t e  in  th e  fo rm u la tio n . The in c r e a s e  in  
l u b r i c a n t  may have b een  e x p e c te d  to  o f f s e t  th e  improvement- o f  d i s s o lu t i o n  
r a t e  w hich  had  been  a n t i c i p a t e d  on changing  th e  d i l u e n t .  However, th e  
changes w ould have r e s u l t e d  i n  changes in  s p a t i a l  d i s t r i b u t i o n  o f  th e  
p a r t i c l e s .  From F ig .  3 .^ 0 ,  powder m ixes c o n ta in in g  l a c to s e  show h ig h e r  
l e v e l s  o f  b o th  drug  an d  lu b r i c a n t  on th e  d i lu e n t  s u r f a c e  th a n  
c o rre sp o n d in g  m ixes- c o n ta in in g  ca lc iu m  s u lp h a te  d ih y d r a te .  When magnesium 
s t e a r a t e  i s  added  to  a  p a r t i a l l y  o rd e re d  random d r u g - d i lu e n t  m ix , s t r i p p i n g  
o f  d rug  from  d i lu e n t  s u r f a c e  o c c u rs .  S in ce  th e r e  i s  a  g r e a t e r  i n t e r a c t i o n  
o f  th e  l u b r i c a n t  w ith  l a c to s e  p a r t i c l e s  th a n  w ith  c a lc iu m  s u lp h a te ,  more 
drug  p a r t i c l e s  a re  s t r i p p e d  o f f  th e  la c to s e  s u r f a c e .  The in c re a s e d  
s t r i p p i n g  o f  d rug  w i l l  mean more drug p a r t i c l e s  a r e  f r e e  w i th in  th e  
t o t a l  m ix . • The p r e s e n t  d a ta  show t h a t ,  when such  a  m ix i s  e n c a p s u la te d  
and exposed  to  an aqueous medium, drug  p a r t i c l e s  can  d is p e r s e  e a s i l y  
once th e  c a p su le  i s  p e rm e a ted  by  d i s s o lu t io n  f l u i d .
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k.  CONCLUSIONS
U .l  CONCLUDING REMARKS
The r e le a s e  o f  p h en y to in  sodium  from  h a rd  g e l a t i n  c a p su le s  
c o n ta in in g  p a r t i c u l a t e  d rug  in to  an aqueous d i s s o lu t i o n  medium a t  
pH 9 -0  i s  f a s t  and  n o t in f lu e n c e d  b y  e i t h e r  th e  d ru g  p a r t i c l e  s iz e  
o r  t h e  p ack in g  d e n s i ty .  The e f f e c t  i s  due in  p a r t  t o  th e  h ig h  
s o l u b i l i t y  o f  th e  sodium  s a l t .  I t  i s  a l s o  due t o  r e a c t io n s  w hich o c c u r  
on c o n ta c t  o f  p h e n y to in  sodium  w ith  aqueous medium. P h en y to in  sodium  
i s  h y g ro sc o p ic  fo rm in g  h ig h e r  h y d ra te s  a t  h igfr R e la t iv e  H um id ity .
E v id en ce  i s  p r e s e n te d  t o  in d i c a te  t h a t  an ex p an sio n  o f  th e  c r y s t a l  
l a t t i c e  s t r u c t u r e  a s s o c ia te d  w ith  h y d ra t io n  cau ses  s w e ll in g  o f  p a r t i c l e s  
and  powder b ed  packed  in  a  c a p su le  s h e l l .  As a  r e s u l t  th e  d i s p e r s io n  
o f  p a r t i c l e s  w ith in  th e  d i s s o lu t io n  medium i s  f a c i l i t a t e d  and  f a c t o r s  
su ch  as d rug  p a r t i c l e  s i z e  and p a c k in g  d e n s i ty  a r e  no lo n g e r  r a t e -  
d e te rm in in g .
When d i lu e n t s  such  as l a c to s e  o r  th e  l e s s  s o lu b le  ca lc iu m  
s u lp h a te  a re  added  t o  p h e n y to in  sodium , th e  d rug  r e l e a s e  from  c a p s u le s  
i s  g e n e r a l ly  r e t a r d e d .  The e f f e c t  canno t how ever b e  p r e d ic te d  by  
c o n s id e r in g  th e  d i s s o lu t io n  p r o f i l e s  a t  low and  h ig h  d i lu e n t  c o n c e n t r a t io n .  
B oth  o f  th e s e  d i l u e n t s  w ere found t o  r e t a r d  d i s s o lu t i o n  by f a c i l i t a t i n g  
th e  p r e c i p i t a t i o n  o f  th e  f r e e  in s o lu b le  a c id  form  o f  th e  d rug  d u r in g  
d i s s o lu t i o n .  The e x te n t  o f  r e t a r d a t i o n  ap p ea rs  t o  b e  a s s o c ia t e d  w ith  
b o th  th e  d i lu e n t  s o l u b i l i t y  an d , as w ould b e  e x p e c te d  th e  assum ed pH 
o f  th e  d i f f u s io n  la y e r  a round  th e  d i lu e n t  p a r t i c l e s .  O ther f a c to r s  
such  as  p ro lo n g ed  s to ra g e  o f  e n c a p su la te d  powder m ixes a t  am bient 
r e l a t i v e  h u m id ity , w hich prom ote t h e  co n v e rs io n  o f  th e  s a l t  t o  th e  
f r e e  a c id  a ls o  r e ta r d e d  th e  d i s s o lu t io n  r a t e  o f  th e  d ru g . F o rm u la tio n s  
c o n ta in in g  th e  more s o lu b le  d i l u e n t ,  l a c to s e ,  w ere found  t o  b e  p a r t i c u l a r l y  
s e n s i t i v e  t o  s to ra g e  c o n d i t io n s .
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The in f lu e n c e  o f  d i lu e n t  p a r t i c l e  s i z e  on d i s s o lu t io n  from  
tw o-com ponent fo rm u la tio n s  i s  th o u g h t t o  he r e l a t e d  t o  th e  p o re  
s t r u c t u r e  w i th in  th e  powder b ed . G e n e ra lly  th e  l a r g e r  th e  p ro b a b le  
p o re  d im e n s io n s , th e  g r e a te r  th e  e a se  o f  p e n e t r a t io n  o f  th e  d i s s o lu t i o n  
medium and th e  su b se q u e n t r a t e  o f  d i s s o lu t i o n .
The e f f e c t  o f  b a tc h - to - b a tc h  v a r i a t i o n  in  magnesium s t e a r a t e  
on d i s s o lu t i o n  o f  p h e n y to in  sodium  from  c a p su le s  c o u ld  be  c o r r e l a t e d  
w ith  th e  s p e c i f i c  s u r f a c e  a re a  o f  th e  l u b r i c a n t .  C apsu le  fo rm u la tio n s  
c o n ta in in g  l u b r i c a n t s  h av in g  a  h ig h  s p e c i f i c  s u r f a c e  a r e a  showed 
s lo w e r d i s s o lu t i o n .
D uring t h e  m ix ing  o f  th e  pow ders, t h e r e  was an  i n t e r a c t i o n  
betw een  d ru g , d i l u e n t  and  lu b r i c a n t  p a r t i c l e s  t o  form  p a r t i a l l y  
o rd e re d  random m ix es . The e x te n t  o f  i n t e r a c t i o n  be tw een  d rug  and 
d i lu e n t  o r  l u b r i c a n t  and  d i l u e n t ,  depended on th e  ch em ica l ty p e  o f  
d i lu e n t  iand a l s o  on th e  so u rce  from  w hich i t  was o b ta in e d .  F or tw o - 
component m ixes in c re a s e d  i n t e r a c t i o n  betw een  drug  and d i lu e n t  
p a r t i c l e s  r e s u l t e d  i n  s lo w er d i s s o lu t i o n .  When magnesium s t e a r a t e  
was p r e s e n t  a s  a  t h i r d  com ponent, th e  d i s s o lu t i o n  b e h a v io u r  o f  th e  
d rug  was g r e a t ly  m o d if ie d  depend ing  on th e  e x te n t  o f  i n t e r a c t io n s  
w ith in  th e  m ix.
The a d v e rse  c l i n i c a l  e f f e c t s  o b se rv ed  i n  A u s t r a l i a  when th e  
d i lu e n t  in  p h e n y to in  sodium  c a p su le s  was changed from  ca lc iu m  s u lp h a te  
t o  l a c to s e  h as  b een  a t t r i b u t e d  t o  th e  c o n v e rs io n  o f  th e  d rug  to  an 
in s o lu b le  c a lc iu m  com plex (Bochner e t  a l ,  1972b; 1 9 7 3 ). The r e s u l t s  
o b ta in e d  in  th e  p r e s e n t  s tu d y  from  i n - v i t r o  d i s s o lu t i o n  t e s t s  show no 
ev id en ce  o f  co m p lex a tio n . However, a  number o f  o th e r  f a c to r s  have 
been  i d e n t i f i e d  w hich may w e ll  have c o n t r ib u te d  t o  th e  A u s t r a l ia n
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i n c i d e n t .  C apsu les c o n ta in in g  la c to s e  in  th e  a b se n c e  o f  d rug-show  a ’h i© ie r  
i n - v i t r o '  d i s s o lu t i o n  r a t e  th a n  th o s e  o f  c a lc iu m  s u lp h a te  b eca u se  o f  th e  h ig h e r  
s o l u b i l i t y  o f  l a c t o s e .  The p re se n c e  o f  l a c to s e  c e r t a i n l y  im proved 
d i s s o lu t i o n  r a t e  vhen  t h e  in s o lu b le  f r e e  a c id  fo rm  was p r e c i p i t a t e d  
d u r in g  th e  e a r l y  s ta g e s  o f  a  d i s s o lu t io n  p r o c e s s .  A lso  by  chang ing  
th e  ch em ica l fo rm  o f  th e  d i l u e n t  and in c r e a s in g  th e  l e v e l s  o f  lu b r i c a n t  
i n  t h e  fo rm u la t io n ,  changes in  th e  s p a t i a l  d i s t r i b u t i o n  o f  th e  com ponents 
may hav e  o c c u rre d . L ac to se  p a r t i c l e s  i n t e r a c t  t o  a  g r e a t e r  e x te n t  w ith  
b o th  d rug  and  l u b r i c a n t  p a r t i c l e s  th a n  do c a lc iu m  s u lp h a te  p a r t i c l e s . .
T h e re fo re ,  vhen  magnesium s t e a r a t e  i s  added t o  a  p a r t i a l l y  o rd e re d  
b in a r y  m ix o f  d rug  and  d i l u e n t ,  g r e a t e r  numbers o f  d ru g  .p a r t i c l e s  
may b e  s t r i p p e d  from  th e  l a c to s e  s u r fa c e  th a n  f o r  c o rre sp o n d in g  m ixes 
c o n ta in in g  c a lc iu m  s u lp h a te  a s  d i l u e n t .  As a  r e s u l t  such mixes 
c o n ta in in g  l a c to s e  have h ig h e r  c o n c e n tra t io n s  o f  f r e e  d rug  w ith in  th e  
mix w hich i s  e a s i l y  d is p e r s e d  when th e  c a p su le  fo rm u la t io n  i s  in t ro d u c e d  
in t o  a  d is s o lu t io n ,  medium.
The m ost common o b je c t iv e  o f  powder m ix ing  i n  th e  p h a rm a c e u tic a l  
in d u s t r y  i s  t o  o b ta in  m u tu a l d i s t r i b u t i o n  o f  fo rm u la t io n  com ponents such  
t h a t  a  u n i t  dose p ro v id e s  th e  p a t i e n t  w ith  a  r e p ro d u c ib le  q u a n t i ty  o f  
a c t iv e  in g r e d i e n t .  Most s o l i d  dosage fo rm u la tio n s  c o n s i s t  o f  drug 
p lu s  a  number o f  e x c ip ie n t s  in c lu d in g  d i l u e n t ,  d i s in t e g r a n t  and  
l u b r i c a n t .  Where magnesium s t e a r a t e  i s  added t o  im prove th e  flow  a n d /  
o r  l u b r i c i t y  o f  th e  pow der m ix, th e  lu b r i c a n t  i s  commonly added  a t  th e  
end o f  th e  m ix ing  o p e r a t io n .  M ixing tim e  i s  u s u a l l y  r e s t r i c t e d  such  
t h a t  th e  d i s s o lu t i o n  r a t e  o f  th e  d rug  i s  n o t a f f e c t e d  b y  e x te n s iv e  
s h e a r in g  o f  th e  p a r t i c l e s  t o  form  a  h yd rophob ic  c o a t in g  on th e  drug 
p a r t i c l e s . V ery l i t t l e  a t t e n t i o n  i s  p a id  t o  th e  o v e r a l l  s p a t i a l  
arrangem en t o f  p a r t i c l e s .  From th e  r e s u l t s  p r e s e n te d  in  t h i s  t h e s i s ,
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such  f a c to r s  sh o u ld  h e  c o n s id e re d  in  th e  d e s ig n  o f  s o l id  dosage 
form s such as low dose p re p a ra t io n s  o r  o th e r  p r e p a r a t io n s  where 
b i o a v a i l a b i l i t y  problem s r e l a t e d  to  d i s s o lu t io n  a re  l i k e l y  to  
o c c u r .
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k . 2  SUGGESTIONS FOR FURTHER WORK
F u r th e r  s tu d ie s  a r e  needed to  f u l l y  c h a r a c te r i s e  th e  h y d ra te s
o f  p h e n y to in  sodium . So f a r  th e  c r y s t a l l i n e  s t r u c t u r e  o f  anhydrous
p h e n y to in  sodium  h a s  n o t  been  docum ented. The d e te rm in a tio n  o f  th e
c r y s t a l l i n e  s t r u c t u r e  o f  th e  drug  w i l l  a llo w  more d e t a i l e d  u n d e rs ta n d in g
o f  th e  changes w hich o ccu r on h y d ra t io n .  A lso  th e  u se  o f  th e rm o g ra v i-
m e tr ic  a n a ly s i s  (TGA) in  c o n ju n c tio n  w ith  DSC w i l l  e n a b le  th e  l o s s  in
w eig h t o f  w a te r  w ith  each  endo therm ic d e h y d ra tio n  t o  b e  q u a n t i f i e d .
The p eak -to -b ack g ro u n d  r a t i o  h a s  been  s u c c e s s f u l ly  u se d  in  t h i s
s m a l l - s c a le  s tu d y  t o  a n a ly se  s e m i- q u a n t i t a t iv e ly  th e  s p a t i a l  a rran g em en t
o f  com ponents in  powder m ixes and t o  o b ta in  ev id en ce  o f  i n t e r a c t i o n
betw een p a r t i c l e s .  An e x te n s io n  o f  th e  work on m ix in g , t o  encompass
l a r g e r - s c a l e  m ixing p ro c e s s e s ,  i s  n e c e s s a ry  to  c o n firm  d i f f e r e n c e s  in
s p a t i a l  arrangem ent and t o  id e n t i f y  any a d d i t io n a l  e f f e c t s  due t o  s c a l e -
up o f  th e  m ixing  o p e r a t io n .
By th e  u se  o f  p h e n y to in  sodium, and  magnesium s t e a r a t e  t o  p re p a re
o rd e re d  m ixes v e ry  low  co u n ts  o f  io n s  w ere d e te c te d  b y  X -ray  a n a l y s i s .
/
T his l i m i t e d  th e  s t a t i s t i c a l  p r e c i s io n  o f  th e  r e s u l t s  t h a t  c o u ld  be
o b ta in e d . The u se  o f  f in e  p a r t i c l e s  such a s  NaCl o r  KC1 as  model
d rug  compounds, f o r  w hich th e  e le m e n ta l c o n c e n tra t io n  i s  h ig h  would
im prove th e  p r e c i s io n  o f  such in v e s t ig a t io n s .
Peak and background  co u n ts  w ere o b ta in e d  on i n t e g r a t i o n  u s in g
o n ly  th e  c e n t r a l  ch an n e l o f  peak o r  th e  ch an n e l f o r  th e  v a r io u s  io n s
to  o b ta in  th e  mean coun t r a t e .  This m ethod g iv e s  a  low s t a t i s t i c a l  
*
p r e c i s io n  a s  th e  r e s t  o f  th e  cou n ts  w hich c o n t r ib u te  t o  th e  peak  a re  
w a s te d . As an a l t e r n a t i v e  approach,, th e  in t e g r a t i o n  c o u ld  b e  c a r r i e d  
o u t o v e r  99% o f  th e  peak  a r e a ,  though  th e  com puted p /b  r a t i o  w ould th e n
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be lo w er due t o  th e  la r g e  number o f  b ackg round  c o u n ts  b e in g  in c lu d e d . 
The r e l a t i v e  p r o b a b i l i t y  o f  o v e r la p  betw een  n e ig h b o u rin g  peaks w ould 
a l s o  b e  in c re a s e d .  A re a s o n a b le  compromise m ight b e  t o  i n t e g r a t e  
o v e r  a  r e g io n  e q u iv a le n t  t o  68# o f  th e  a r e a  u n d er th e  norm al c u rv e . 
T h is  w ould red u ce  v a r i a t i o n  in  c o u n ts  and  a l s o  im prove th e  p r e c i s io n  
w i th in  th e  e x p e rim e n t.
-  2 0 8  -
REFERENCES
A b o u ze id , A.M. and F u rs te n a u ,  D.W. (1972) . E f f e c t  o f  H um idity  on M ixing 
o f  P a r t i c u l a t e  S o l id s .  In d .  Eng. Chen. P ro c e ss  D es. D ev ., 11: 296-301 .
A garw al, S .P .  and B la k e , M .I . (1 9 6 8 ) . D e te rm in a tio n  o f  th e  p k a 'v a lu e  
f o r  5” 5 -d ip h e n y lh y d a n to in . J .  Fharm. S c i . ,  57: l**3^-l*+35 •
A kbuga, J . ,  A r i-U lu b e le n , A. and B ay rak ta r-A lp m en , G. ( l9 8 U a ). E f f e c t  
o f  R e la t iv e  H um idity  on Drug R e lease  from  P h en y to in  Sodium T a b le ts ’ and 
C a p su le s . P a r t  1 : Com m ercial P r e p a r a t io n .  P h arm az ie , 39: 560- 5 6 1 .
Akbuga, J . ,  A r i-U lu b e le n , A. and B ay rak ta r-A lp m en , G. ( l9 8 U b ). E f f e c t  
o f  R e la t iv e  H um id ity  and A geing on Drug R e le a se . P a r t  2 : E x p e rim en ta l 
P h en y to in  Sodium C a p su le s . P h arm az ie , 39: 695-696 .
A lb a n i , F . ,  P a z z a g l ia ,  P . , P r o c a c c ia n t i , G ., R iv a , R. and B aru zz , A. 
(1 9 8 1 ). B i o a v a i l a b i l i t y  o f  P h e n y to in . Com parison o f  d a ta  o b ta in e d  in  
v i t r o ,  i n  h e a l th y  v o lu n te e r s  and in  e p i l e p t i c s .  B o l l .  Chim. F arm .,
120: 715-72U.
A lb e r t ,  K .S . ,  Sakm ar, E . ,  H a llm ark , M .R., W edler, D .J . and  W agner, J .G . 
(197*0* B io a v a i l a b i l i t y  o f  d ip h e n y lh y d a n to in . C lin .  P harm acol. T h e r . ,  
16: 727-735*
Amidon, G.L. ( 1 9 8 1 ) I n :  T echniques o f  s o l u b i l i z a t i o n  o f  d ru g s . Ed. 
Y alkowsky, H ., M arcel D ekker I n c . ,  N .Y ., U .S .A . pp . 183-193*
-  209 -
Ampolsuk, C ., M auro, J fV .,  N yhu is , A .A ., Shah, N. and  J a ro w s k i ,  C .I .
(197*0 . In f lu e n c e  o f  d is p e r s io n  method on d i s s o lu t io n  r a t e  o f  
D ig o x in - la c to s e  and H y d ro c o r t is o n e - la c to s e  t r i t u r a t i o n s  I .
J .  Pharcn. S c i . ,  63 : U1 -U3 .
A rn o ld , K .,  G erh e r, N. and Levy, G. (1970)* A b so rp tio n  and  d is s o lu t io n  
s tu d ie s  on sodium  d ip h e n y lh y d a n to in  c a p s u le s .  Can. J .  Pharm . S c i . ,
5: 8 9 -9 2 . •
B a ich w a l, A.R. and T ip n is ,  H .P . ( 1 981 ) .  I n - v i t r o  a v a i l a b i l i t y  o f  
com m ercial p h e n y to in  t a b l e t s  and c a p s u le s .  I n d ia n .  J .  Pharm . S c i . ,
U3: 33 -36 .
B a i le y ,  A.G. (198*0 . E l e c t r o s t a t i c  phenomena d u r in g  powder h a n d l in g . 
Powder T e c h n o l. ,  37• 7 1 -8 5 .
B a s ta m i, S.M. and G roves, M .J. (1 9 7 8 ). Some f a c to r s  a f f e c t i n g  th e  in  
v i t r o  r e l e a s e  o f  p h e n y to in  from  fo rm u la tio n s .  I n t .  J .  P h a rm ., 1: 151-16U.
Baumann, H. ( 1 9 6 7 ) .  A p p ara tu s  D eveloped by  Baumann f o r  d e te rm in a tio n  o f  
l i q u i d  u p ta k e  o f  pow dered s u b s ta n c e s .  F a c h z e i t s c h r i f t  Fur Das L a b ., 
5*+0-5*+2.
B ielm ann, P . and L evac, T . (1 9 7 8 ). Comparison o f  serum  p h e n y to in  l e v e l s  
in  e p i l e p t i c  p a t i e n t s  who sw allow ed t h e i r  p h e n y to in  t a b l e t s  w ith  o r 
w ith o u t chew ing. E urop . J .  C lin . P h a rm a c o l., ih :  191 -19^ .
B i l la n y ,  M.R. and R ic h a rd s ,  J .H . (1 9 8 2 ). B atch  v a r i a t i o n  o f  magnesium 
s t e a r a t e  and i t s  e f f e c t  on th e  d i s s o lu t io n  r a t e  o f  s a l i c y l i c  a c id  from  
s o l id  dosage fo rm s. Drug Dev. In d . P harm ., 8: U97“ 511»
-  2 1 0  -
B o ch n e r, F . ,  H ooper, W .D., T y re r ,  J .H . and E a d ie , M .J. ( 1 9 7 2 a ) .
E f f e c t  o f  dosage in c re m e n ts  on "blood p h en y to in  c o n c e n tr a t io n s .
J .  IN eurol. N eu rosu rg .. P s y c h ia t . ,  35: 873- 8 7 6 .
B o ch n e r, F . ,  H ooper, W.D. and T y re r ,  J .H . (1 9 7 2 b ). F a c to rs  in v o lv e d  
i n  an  o u tb re a k  o f  p h e n y to in  i n t o x i c a t io n .  J .  N eu ro l. S c i . ,  16: U8I-U 8 7 .
B o ch n er, F . , H ooper, W .D., T y re r ,  J .H . and E a d ie , M. (1973)* The 
e x p la n a t io n  o f  th e  1968 A u s t r a l i a n  o u tb re a k  o f  d ip h e n y lh y d a n to in  
i n t o x i c a t i o n .  P ro c . A u s t. A ss . N e u ro l . ,  9 : 167- 1 7 0 .
B o lh u is ,  G .K ., L e rk , C .F . ,  Z i j l s t r a ,  H .T . and  de B o e r, A.H. (1975)-.
F ilm  fo rm a tio n  o f  m agnesium  s t e a r a t e  d u r in g  m ix ing  an d  i t s  e f f e c t  on 
t a b l e t t i n g .  Pharm. W eek b l., 110: 317“ 325.
B o lh u is ,  G .K ., L e rk , C .F . and B roersm a, P . ( 1980 ) .  M ixing a c t io n  and 
e v a lu a t io n  o f  t a b l e t  l u b r i c a n t s  in  drug  co m p ressio n . Drug Dev.
In d .  P h arm ., 6 : 15 -3 3 .
B o lh u is ,  G .K ., S m allen b ro o k , A .J .  and  L e rk , C .F . ( 1 9 8 1 ) .  I n t e r a c t i o n  
o f  t a b l e t  d i s in t e g r a n t s  and  magnesium s t e a r a t e  d u r in g  m ix in g . I .  E f f e c t  
on t a b l e t  d i s i n t e g r a t i o n .  J .  Pharm. S c i . ,  70: 1328-1330.
B orondy, P . ,  Chang, T. and  G lazko , A .J .  (1 9 7 2 ). I n h i b i t i o n  o f  p h e n y to in  
h y d ro x y 'la tio n  by p -h y d ro x y lp h e n y l-5-p h e n y lh y d a n to in . Fed . P r o c . ,  31: 
582-585 .
-  2 1 1  -
B ram dau, R. and W ehnert, H.U. (19T 9). D is s o lu t io n  r a t e s  and
b io  a v a i l a b i l i t y  o f  p h e n y to in  p r e p a r a t io n s .  A rz n e im -F o rsc h ., 29: 552-555*
B r i t i s h  Pharm acopoeia (1 9 8 0 ) . The P h arm aceu tica l. P r e s s ,  London, U.K.
Brow ne, C.A. and Z erb an , F.W. (1955)* P h y s ic a l  and  C hem ical Methods 
o f  S u g a r A n a ly s is .  3 rd  Ed. John W iley  & S ons, I n c . ,  New Y ork, pp . 653-657*
B u n d g aard , H. and J o h a n se n , M. (1 9 8 0 ) . P rod rugs as d ru g  d e l iv e ry  
sy s te m s . XV. B io r e v e r s ib le  d e r i v a t i z a t i o n  o f  p h e n y to in , a c e ta z o la m id e , 
ch lo ro x a z o n e  and v a r io u s  o th e r  N H -acid ic  compounds by  N -am inom ethy la tion  
t o  e f f e c t  enhanced  d i s s o lu t i o n  r a t e s .  I n t .  J .  P h a rm ., J: 129-136 .
B u s l ik ,  D. (1 9 5 0 ) . M ixing and sam p lin g  w ith  s p e c ia l  r e f e r e n c e  t o  
m u l t i - s i z e d  g r a n u la r  m a te r i a l s .  A S T M B ull., 1 6 5 : 66-73*
B u tc h e r ,  A .E . and J o n e s ,  T.M. (1 9 7 2 ) . Some p h y s ic a l  c h a r a c t e r i s t i c s  
o f  magnesium s t e a r a t e .  J .  Pharm. Fharm ac. ,  2k:  S u p p l. 1P-9P .
B u t l e r ,  T .C . (1957)* The m e ta b o lic  c o n v e rs io n  o f  5~5 d ip h e n y lh y d a n to in  
t o  5“ (p - h y d ro x y p h en y l)-5  p h e n y lh y d a n to in . J .  P harm aco l. Exp. T h e r . ,
119: 1 -1 1 .
Camerman, A. and Camerman, N. (1971)* The s te re o c h e m ic a l  b a s i s  o f  
a n t ic o n v u ls a n t  d rug  a c t io n .  I .  The c r y s t a l  and m o le c u la r  s t r u c t u r e  o f  
d ip h e n y lh y d a n to in , a  n o n cen tro sy m m etric  s t r u c t u r e  s o lv e d  by c e n t r i c  
sym bolic  a d d i t io n .  A c t. C r y s t . ,  B27: 2205 - 2 2 1 1 .
C a r te r ,A . (1983) A s tu d y  o f  th e  in  v i t r o  d i s s o lu t i o n  c h a r a c t e r i s t i c s  o f  
p h e n y to in  dosage fo rm s. P r o je c t  r e p o r t ,  U n iv e r s i ty  o f  B a th , B a th , U.K.
-  2 1 2  -
C a r tw r ig h t ,  A.C. (1 9 7 9 ) . S ources o f  v a r i a t i o n  d u r in g  c o l la b o r a t iv e  
e v a lu a t io n  o f  i n - v i t r o  d i s s o lu t i o n  t e s t s  f o r  two s o l i d  p r e p a r a t io n s .
J .  Fharm . P h a rm a c o l., 31:
C h a k r a b a r t i ,  S . ,  V an -S everen , S . and Braeckm an, P . (1977)* In f lu e n c e  
o f  p a r t i c l e  s i z e  and c r y s t a l  shape on th e  d i s s o lu t io n  r a t e  o f  p h e n y to in .
Farm . T i ja d s c h n . B e l g . , 5^-: U03“ ^ l l .
C h a k r a b a r t i ,  S . V an-S everen , R. and  Braeckm an, P . (1 9 7 8 ) . S tu d ie s  on 
c r y s t a l l i n e  form  o f  p h e n y to in . P h arm az ie , 33 : 338-339.
C h a k r a b a r t i ,  S . ,  B e lp a i r e ,  F . and Moerman, E . (1 9 8 0 ). E f f e c t  o f  
fo rm u la t io n  on d i s s o lu t i o n  and  b i o a v a i l a b i l i t y  o f  p e h n y to in  t a b l e t s .
P h a rm a z ie . ,  35: 627 -629  •
C hapron , D . J . ,  K ram er, P .A .,  M ariano , S .L . and H ohnadel, D.C. (1 9 7 9 ).
E f f e c t  o f  ca lc iu m  and a n ta c id s  on p h e n y to in  b i o a v a i l a b i l i t y .  A rc h -N e u ro l . ,
36: U36-U3 9 .
Chen, S .S . ,  A lle n ,  J . ,  O x ley , J .  a n d R ic h e n s ,  A. (1 9 8 2 ). C om parative 
b i o a v a i l a b i l i t y  o f  p h e n y to in  g e n e r ic  fo rm u la tio n s  in  U.K. E p i le p s ia ,
23: 1U 9-152.
Chowhan, Z .T . and C h i, L .H . (1 9 8 5 a ) . D ru g -e x c ip ie n t i n t e r a c t io n s  
r e s u l t i n g  from  powder m ix in g , I :  P o s s ib le  mechanism o f  i n t e r a c t i o n  w ith  
s t a r c h  and  i t s  e f f e c t  on d rug  d i s s o lu t i o n .  Fharm. T e c h .,  9 : 8U-97*
Chowhan, Z .T . and C hi, L .H . ( 1985b ) .  D ru g -e x c ip ie n t in t e r a c t io n s  
r e s u l t i n g  from  powder m ix in g , I I :  P o s s ib le  mechanism o f  i n t e r a c t i o n  w ith  
c ro sp ro v id o n e  and i t s  e f f e c t s  on in  v i t r o  d i s s o lu t i o n .  Pharm. T e c h ., 9 : 2 8 -U l.
-  213 -
Chowhan, Z .T . and C h i, L.H. ( 1986a ) .  D ru g -e x c ip ie n t i n t e r a c t io n s  
r e s u l t i n g  from  powder m ix in g , I I I :  S o lid  s t a t e  p r o p e r t i e s  and t h e i r  
e f f e c t  on d rug  d i s s o lu t i o n .  J .  Pharm. S c i . ,  75: 53^-5^1»
Chowhan, Z .T . and C h i, L .H . (1 9 8 6 b ) . D ru g -e x c ip ie n t i n t e r a c t io n s  
r e s u l t i n g  from  powder m ix in g , IV: Hole o f  l u b r i c a n t s  and  t h e i r  e f f e c t  
on i n  v i t r o  d i s s o lu t io n  r a t e .  J .  Pharm. S c i . ,  75: 5^2-5^5»
C id , E . ,  M oran, I . ,  M o n aris , M., L a s s e r r e ,  C. and V id a l ,  V. (1 9 8 1 ).
B io a v a i l  a b i l i t y  o f  f o u r  b ra n d s  o f  p h e n y to in . B iopharm . Drug D is p .,
*
2 : 391-391*.
C la y f ie ld ,  E . J . ,  Lumb, E .C . and  Mackey, P .H . (1 9 7 1 )- R e ta rd e d  d is p e r s io n  
f o r c e s  in  c o l lo id a l ,  p a r t i c l e s  -  E xact in t e g r a t i o n  o f  C asm ir and P o ld e r  
e q u a t io n .  J .  C o llo id ,  an d  I n te r f a c e  S c i . ,  37: 382-389.
C oelho , M.C; and H arnby , N. (1 9 7 8 ). M o istu re  bo n d in g  in  pow ders.
Powder T e c h n o l.,  20 : 2 01 -205 .
Cox, M.G.C. ( 1 983 ) .  I n :  Q u a n t i ta t iv e  E le c tro n -P ro b e  M ic ro a n a ly s is .
Ed. S c o t t ,  V.D. and  Love, G. E l l i s  Horwood L td , U.K. p p . 125-126.
C rooks, M .J. and Ho, R. (1 9 7 6 ). O rdered m ixing  in  d i r e c t  com pression  
o f  t a b l e t s .  Powder T e c h n o l. ,  lU : l6 l - l6 7 *
D i l l ,  W .A., K azenko, A .,  W olf, L.M. and G lasko , A .J .  (1 9 5 6 ) . S tu d ie s  
on 5- 5-d ip h e n y lh y d a n to in  ( D i la n t in )  in  an im als  and in  man. J .  Pharm acol. 
Exp. T h e r . ,  118: 270-279 .
-  21k -
Dunn, M. ( 1 9 8 2 ) .  A s tu d y  o f  th e  i n t e r a c t i o n  o f  p h e n y to in  w ith  ca lc iu m  
and some o th e r  m e ta l io n s .  MSc T h e s is ,  B ath  U n iv e r s i ty ,  U.K.
E dw ards, C. ( 198^ ) .  F e a s i b i l i t y  o f  a  pharm acy b a se d  k i n e t i c s  s e rv ic e  
in  p r im a ry  c a r e .  Pharm. J . ,  233: U79~^82.
E germ ann, H. (1 9 8 0 ). E f f e c t  o f  a d h es io n  on m ix ing  hom ogeneity . P a r t  I  -  
O rd e red  A dhesion -  Random A dhesion . Powder T e c h n o l.,  27: 203-206 .
F r a t t i n i ,  C. and S im io n i, L. ( 198U). S hould  magnesium s t e a r a t e  be 
a s s e s s e d  in  th e  fo rm u la tio n  o f  s o l i d  dosage form s by  w e ig h t o r  b y  
s u r f a c e  a re a ?  Drug Dev. I n d .  P harm ., 10: 117-1130 .
G ay o t, A .,  Thomas, G ., M erle , C ., and  T r a i s n e l ,  M. ( 1 9 8U ). A p p lic a tio n  
o f  perm eam ety to  s tu d y  th e  d is lu b u t io n  o f  com ponents in  a  t e r n a r y  powder 
m ix tu re .  I n t .  J .  Pharm . T ech. P ro d . M fr .,  5: 2 5 -28 .
G ib a ld i ,  M. ( I 98U ). B io p h a rm ace u tic s  and  C l in ic a l  P h a rm a c o k in e tic s .
3 rd  E d i t io n ,  Lea F e b ig e r ,  P h i la d e lp h ia ,  U .S .A ., pp : 5^*
G lask o , A .J .  (1 9 7 2 ). D ip h en y lh y d an to in . Pharm acology, 8 : 163-177*
G old , G. and  P ale rm o , B .T . ( 1965 ) .  Hopper Flow E l e c t r o s t a t i c s  o f  
T a b le t t in g  M a te r ia l .  In s tru m e n ta t io n  and A cetom inophene F o rm u la tio n .
J .  Pharm. S c i . ,  5 U: 310-312 .
G o ld s te in ,  J . I . ,  Y akow itz , E . ,  Newbury, D .E ., L i f s h in ,  L . , Colby, 
and Coleman, . (1 9 8 1 ) . P r a c t i c a l  S canning  E le c tro n  M icroscopy .
Ed. G o ld s te in ,  J . I .  and Y akow itz, H. Plenum  P r e s s ,  N .Y ., U .S.A .
-  215 -
G rabow ska, J .  and K a lis z a n ,  R. (197*0 • C ry s ta l  m o d if ic a t io n  o f  
5“ 5_^ p k e a y lh y d an't od.n * A c ta . P o l.  P harm ., 31: 721-722 .
G u e rn te n , D. and J a m in e t ,  F . (1978)* Enhancem ent o f  th e  d i s s o lu t io n  
r a t e  o f  p o o r ly  s o lu b le  s u b s ta n c e s  by  a d s o rp t io n  on c o l l o i d a l  s i l i c a .
J .  Pharm . B e lg . ,  33: 189-193 .
G u g le r , R . ,  M arion , C.V. and  A z a rn o ff , D .L. (1 9 7 8 ) . P h en y to in : 
P h a rm a c o k in e tic s  and B i o a v a i l a b i l i t y .  C lin .  P harm aco l. T h e r . ,
19: 135-l*+2.
G upta, D as. A. and G upta , A. (1 9 7 9 ) . S t a b i l i t y  o f  some o r a l  s o l id  
drug  p ro d u c ts  when s to r e d  i n  a  c o u n tin g  m ach ine. Am. J .  Hosp. P harm .,
36: 15 3 9 -1 5 M .
H am aker, H .C. (1 9 7 3 ). The London-van d e r  W aals a t t r a c t i o n  betw een 
s p h e r ic a l  p a r t i c l e s .  P h y s ic a  , U: 1058-1072.
H am by , N. ( 1 9 6 7 ) .  The e s t im a t io n  o f  th e  v a r ia n c e  o f  sam ples w ithdraw n 
from a  random m ix tu re  o f  m u l t i - s i z e d  p a r t i c l e s .  Chem. E n g ., 2lU :
CE 270-CE 271.
H a rp e r , W.R. ( 1 967 ) .  C o n tac t and f r i c t i o n a l  e l e c t r i f i c a t i o n .  Ed. J a c k so n , 
W., F r o h l ic h ,  H. and M o tt, N .F . C larendon  P r e s s ,  O xford , U.K.
H arvey , H.G. (1 9 7 9 ). G e n e ra l R esearch  R ep o rt No. I .  The m ixing o f  
s o l id s  w ith  p a r t i c u l a r  r e f e r e n c e  t o  f in e  pow ders and  a l l i e d  sy stem s. 
S p e c ia l  P r o je c t s  and T e s t in g  S e rv ic e s  L t d . ,  E sher and M ancheste r.
-  216 -
H e e r t j e s ,  P.M. and W itv o e t, W.C. (1969 /TO) . Some a s p e c ts  o f  th e  
v e t t i n g  o f  pow ders. Powder T e c h n o l., 3: 339“ 3^3.
H egde, P .P . and R hodes, C.T. ( 1985 ) .  P re p a ra t io n  o f  a  p h e n y to in
- c y c lo d e x t r in  com plex and  fo rm atio n  o f  a  su sp e n sio n  and  t a b l e t  dosage 
fo rm  p re p a re d  from  th e  com plex. Pharm. A c ta . H e lv . , 60: 53-67-
H e r is h a n u , Y ., E y la th ,  U. and I l a n ,  R. (1 9 7 6 ). E f f e c t  o f  ca lc iu m  
c o n te n t  on d ie ta r y  a b s o rp t io n  o f  d ip h e n y lh y d a n to in . I s r a e l  J .  Med. S c i . ,
12: 1U53-1U56.
H e rse y , J .A . (197*0- Powder m ixing  b y  f r i c t i o n a l  p r e s s u r e .  S p e c i f ic  
Example o f  O rdered  M ixing . J .  Pharm. S c i . ,  63: 1960-1961.
H ersey , J .A . (1975)- O rdered  M ixing: A new concep t in  powder m ix ing  
p r a c t i c e .  Powder T e c h n o l. ,  11: Ul-U^.
H ersey , J .A . (1977)- P re p a ra t io n s  and p r o p e r t ie s  o f  o rd e re d  m ix tu re s .  
A u s t. J .  Pharm. S c i . ,  6 : 29 -31 .
H ersey , J .A . ,  T h ie l ,  W .J. and  Yeung, C.C.- (1979)- P a r t i a l l y  o rd e re d  
random ised  powder m ix tu re s .  Powder T e c h n o l., 2b: 251-256 .
H ersey , J .A . (1 9 8 0 ). R ecent developm ents in  o rd e re d  powder m ix in g .
A u st. J .  Pharm. S c i . ,  9 : 28.
H ig u ch i, W .I. ( 1 967 ) .  D if fu s io n a l  m odels u s e fu l  in  B io p h a rm a c e u tic s .
Drug r e le a s e  r a t e  p ro c e s s e s .  J .  Pharm. S c i . ,  56: 315~32U.
-  217 -
H i r j i ,  M .R ., M easu ria , H .,  Kuhn, S . and Mucklow, J .C .  ( 1 9 8 5 ) .  A 
co m p a ra tiv e  s tu d y  o f  b io  a v a i l a b i l i t y  o f  5 d i f f e r e n t  p h e n y to in  
p r e p a r a t io n s .  J .  Pharm . P h arm ac o l., 37* 570-572.
H o lz e r ,  A.W. (1 9 8 3 ). An in v e s t ig a t io n  o f  b a tc h  t o  b a tc h  v a r i a t i o n  o f  
com m ercial magnesium s t e a r a t e s .  3 rd  I n t .  Conf. Pharm. T ech. ( P a r is )
p p . 72 -8 0 .
H u tte n ra u c h , R. and K e in e r ,  I .  (1979 )- In f lu e n c e  o f  l a t t i c e  d e f e c ts  
upon m ix ing  p ro c e s s e s .  Povder T e c h n o l.,  22: 289-290 .
I s h ig u r o ,  T . , K o z a ta n i,  J .  and O tsuka , A. (1955)* E f f e c t  o f  a b s o rp tio n  
o f  carbon  d io x id e  on d ip h e n y lh y d a n to in  sodium  h y d r a te s .  Yakugaku 
Z a s s h i,  7 5 : 1556-1559.
I s h ig u r o ,  T . ,  K o z a ta n i, J .  and S h ib a ta ,  K. (1 9 5 8 ) . P h y s ic o -c h e m ic a l 
s tu d ie s  o f  h y d ra te s  o f  sodium  d ip h e n y lh y d a n to in , VI: H ygroscop ic  b e h a v io u r  
and d i s s o c ia t io n  p r e s s u re  o f  d ip h e n y lh y d a n to in  sodium  h y d r a te s .
Yakugaku Z a ssh i, 7 8 : 391-395 p e r  CA 52: 13352b.
I s h ig u r o ,  T. and Mogi, H. (1 9 5 9 ). The r e l a t i o n s h i p  b e tv e e n  th e  t r a n s i t i o n  
p o in t  and s o l u b i l i t y  o f  ca lc iu m  d ip h e n y lh y d a n to in . Chem. Pharm. B u l l . ,
7: 359-361.
Jo h an sen , H .E . and W iese , C .F. (1 9 7 0 ). The in f lu e n c e  o f  p a r t i c l e  
s iz e  and o th e r  te c h n o lo g ic a l  f a c to r s  in  th e  a b s o rp t io n  and  in  v i t r o  
d i s s o lu t io n  o f  p h e n y to in  from  t a b l e t s .  A rch iv . For P harm aci. Og. C hem i., 
77: 2U3-250.
-  218 -
Jo h a n se n , H .E . (1 9 7 2 ) . P h en y to in : I n - v i t r o  d i s s o lu t i o n  r a t e  in  
r e l a t i o n  t o  p a r t i c l e  s i z e  and s p e c i f i c  s u r fa c e  a r e a .  A rch . Pharm. Cherni.,
79 : 209-215 .
J o h a n se n , E . and  M o e lle r , N. (1 9 7 7 ). S o lv e n t d e p o s i t io n  o f  d rugs  on 
e x c i p i e n t s .  I I .  I n t e p r e t a t i o n  o f  d i s s o lu t i o n ,  a d s o rp t io n  and a b s o rp t io n  
c h a r a c t e r i s t i c s  o f  d ru g s . A rch. Pharm. Chemi. S c i .  E d . ,  5: U61-U70.
Jo h a n s so n , M.E. and N ic k la s s o n , M. (1 9 8 6 ). I n v e s t i g a t io n  o f  th e  f i lm  
fo rm a tio n  o f  magnesium s t e a r a t e  by  a p p ly in g  a  flow  th ro u g h  d i s s o lu t io n  
te c h n iq u e .  J .  Pharm. P h a rm a c o l., 38: 51~5^«
Jo h n so n , M.C.R. (1 9 7 2 ) . P a r t i c l e  s iz e  d i s t r i b u t i o n  o f . a c t i v e  in g r e d ie n t  
f o r  s o l i d  dosage form s o f  low dosage . Pharm. A c ta . H e lv . , U7 : 5^6-559-
J o n e s ,  T.M. and P i l p e l ,  N. ( 1965 ) .  Some p h y s ic a l  p r o p e r t i e s  o f  l a c to s e  
and  m ag n esia . J .  Pharm. P h arm aco l., 17: UU0-UU8 .
K a r ra ,  V.K. and F u rs te n a u , D.W. (1977)* The e f f e c t  o f  h u m id ity  in  th e  
t r a c e  m ix ing  k i n e t i c s  o f  f in e  pow ders. Powder T e c h n o l. ,  16: 97-105*
Khan, K .A ., Musikabhumma, P. and R u b in s te in ,  M.H. ( 1 9 8 3 ) .  The e f f e c t  o f  
m ix ing  tim e  o f  magnesium s t e a r a t e  on th e  t a b l e t t i n g  p r o p e r t i e s  o f  d r ie d  
m ic r o c r y s ta l l in e  c e l l u lo s e .  Pharm. A c ta . H e lv . ,  5 8 : 109-111 .
K igasaw a, K .,  Maruyama, K .,  Tanaka, M., W atanabe, K. and  Koyama, 0 . ( 1 9 8 1 ) .  
B io p h a rm a c e u tic a l s tu d ie s  o f  d ru g s: D is s o lu tio n  p r o p e r t i e s  and b i o a v a i l a b i l i t y  
o f  ground m ix tu re s  o f  p o o rly  w a te r  s o lu b le  drugs and  s o lu b le  p r o te in s .
Yakugaku Z assh i , 101: 733-739 .
i-  219 -
K ita z a w a , S . ,  Jo h n o , I . ,  M inouchi, T. and Okada, J .  (1977).* I n t e r p r e t a t i o n  
o f  d i s s o lu t i o n  r a t e  d a ta  from  i n - v i t r o  t e s t i n g  o f  com pressed  t a b l e t s .
J .  Pharm . Fharm ac. ,  29: ^ 53 -^59 .
K ir s h n e r ,  H .S . (1 9 8 3 ). P h en y to in  t o x i c i t y  when t a b l e t s  s u b s t i t u t e d  
f o r  c a p s u le s .  New Eng. J .  o f  M ed., 308: 1106.
K ohda, Y . , N is c h ih a r a ,  K .,  I s o z a k i ,  S . ,  S a i to h ,  Y .,  Nakagawa, F . ,
Tanrura, Z. and Ish ik a w a , N. (1 9 8 3 a ). Comparison o f  b i o a v a i l a b i l i t y  o f  
p h e n y to in  p ro d u c ts  p re p a re d  by  wet g r a n u la t io n  in  no rm al s u b je c t s  and  
e p i l e p t i c  p a t i e n t s .  J .  Pharm acobio . D yn., 6: 752-759 .
K ohda, Y ., N is c h ih a ra ,  K .,  I s o z a k i ,  S . ,  S a i to h ,  Y ., Nakagawa, F . and 
Tam ura, Z. (1983b).. B i o a v a i l a b i l i t y  o f  p h en y to in  in  s in g le  and  m u l t ip le  
o r a l  doses o f  two dosage form s in  norm al t a b l e t s .  J .  Pharm acobio . D yn.,
6 : U5-55.
K r is te n s e n ,  H.G. (1 9 7 3 ) . S t a t i s t i c a l  p r o p e r t ie s  o f  random and  non-random  
m ix tu re s  o f  drug  s o l i d s .  P a r t  I :  A g e n e ra l e x p re s s io n  f o r  th e  v a r ia n c e  
o f  th e  co m p o sitio n  o f  sa m p le s . Powder T e c h n o l., 7*. 2^9-257 .
K rupp, H. ( 1 9 6 7 ) .  P a r t i c l e  A dhesion . Theory and E x p erim en t. Adv. C o llo id . 
I n te r f a c e  S c i . ,  1 : 111-239*
K u tt ,  Hi (1 9 7 5 ). I n t e r a c t i o n s  o f  a n t i e p i l e p t i c  d ru g s . E p i le p s ia ,
1 6 : 393-U02.
-  2 2 0  -
K washim a, Y ., Handa, T . , T ak en ch i, H .,  Okumura, M ., K ato u , H. and 
N a g a ta ,  0 . (1 9 8 6 ). C r y s ta l  m o d if ic a t io n  o f  p h e n y to in  w ith  p o ly e th y le n e  g ly c o l  
f o r  im prov ing  m e ch n ica l s t r e n g th ,  d i s s o lu t io n  r a t e  and  h i o a v a i l a h i l i t y  by  
a  s p h e r i c a l  c r y s t a l l i s a t i o n  te c h n iq u e . Chem. Pharm . B u l l . ,  3^: 3378-3383.
L ac ey , P.M .C. (19^-3). The m ixing  o f  s o l i d  p a r t i c l e s .  T ra n s . I n s tn .
Chem. E n g rs . ,  21: 53“ 59.
L a i ,  F .K . and H e rse y , J .A . (1 9 7 9 ). A c a u t io n a ry  n o te  on th e  use  o f  
pow der m ix tu re s  in  p h a rm a c e u tic a l dosage fo rm s. J .  Pharm. P h a rm a c o l.,
31: 8 0 0 .
L a i ,  F .K . and H e rse y , J .A . (1 9 8 1 ). The v a r ia n c e  sam ple s i z e  r e l a t i o n s h i p  
and th e  e f f e c t  o f  magnesium s t e a r a t e  on o rd e re d  pow der m ix tu re s .  Chem.
Eng. S c i . ,  36: 1133-1137.
L e rk , C .F . ,  Schoonen, A .J.M . and F e l l ,  J .T .  (1 9 7 8 ). C o n tac t a n g le s  and 
w e t t in g  o f  p h a rm a c e u tic a l pow ders. J .  P h a r m . 'S c i . ,  6 5 : 8 U3- 8U7 .
L e rk , C .F . and B o lh u is , .  G.K. (1 9 7 7 ). I n te r a c t i o n  o f  l u b r i c a n t s  and 
c o l l o i d a l  s i l i c a  d u r in g  m ix ing  w ith  e x c i p i e n t s . I I . I t s  e f f e c t  on 
w e t t a b i l i t y  aad  d i s s o lu t i o n  v e l o c i ty .  Pharm. A c ta . H e lv . ,  52: 39“^ .
L e rk , C .F . ,  L egas, M., L ie-A -H uen, L . , B roersm a, P . and Zuurman, K. (1 9 7 9 ) .
In  v i t r o  and in  v iv o  a v a i l a b i l i t y  o f  h y d ro p h i l is e d  p h e n y to in  from  c a p s u le s .
J .  Pharm . S c i- ., 68: 63^ - 6 3 8 .
-  . 2 2 1  -
L e rk , C .F . ,  B o lh u is ,  G .K ., S m allerib roek , A .J . and Zuurman, K. (1982) . 
I n t e r a c t i o n  o f  t a b l e t  d i s in t e g r a n ts  and  magnesium s t e a r a t e  d u r in g  m ix ing . 
I I .  E f f e c t  on d i s s o lu t io n  r a t e .  Pharm. A cta . H e lv . ,  57: 282-286 .
L evy, G. and  A sh ley , J . J .  (1 9 7 3 ). E f f e c t  o f  an i n h i b i t o r  o f  g lu c o ro n id e  
fo rm a tio n  on e l im in a t io n  k in e t i c s  o f  D ipheny lhydan to in  in  r a t s .  J .  Pharm. 
S c i . ,  62: 161-162 .
L evy, G ., A rthow iak , J .A . ,  P ro c k n a l, J .A . and W hite , D.C. ( 1 9 6 3 ) • E f f e c t  
o f  c e r t a i n  t a b l e t  fo rm u la tio n  f a c to r s  on d i s s o lu t io n  r a t e  o f  t h e  a c t iv e  
i n g r e d i e n t .  I I :  G ranule s i z e ,  s ta r c h  c o n c e n tra t io n  and  com pression  
p r e s s u r e .  J .  Pharm . S c i . ,  52: IOV7-IO 5I .
Ludden, T .M ., H aw kins, D.W. A lle n , J .P .  and Hoffman, S .F . (1 9 7 6 ).
Optimum P h en y to in  Dosage Regimes ( l e t t e r ) .  L a n c e t, 1 : 307 - 3 0 8 .
Lund, L. ( I 9 7 ^ a ) .  A n tic o n v u lsa n t e f f e c t  o f  d ip h e n y lh y d a n to in  r e l a t i v e  
t o  p la sm a l e v e l s .  A rch . N e u ro l . ,  31: 289 - 29U.
Lund, L. ( 1 9 7 ^ ) *  C l in ic a l  s ig n i f ic a n c e  o f  g e n e r ic  in e q u iv a le n c e  o f  
th r e e  d i f f e r e n t  p h a rm a c e u tic a l p re p a ra t io n s  o f  p h e n y to in . E urop . J .
C lin .  P h a rm a c o l., J: 119-12U.
Ma, J . ,  Huang, D ., Fang, Y ., Zhou, S . ,  Tang, G ., Peng, Y. and Dong, C. 
(1 9 8 3 ). B i o a v a i l a b i l i t y  s tu d y  o f  sodium p h e n y to in . Yi yao  G ongyre,
11: 15-17  p e r  CA 100 : 73872d.
-  2 2 2  -
M anson, J . I . ,  B e a l ,  S .M ., M argarey, A .,  P o l la r d ,  A .C ., O’R e i l l y ,  W .J. 
and  Sansom , L.N. (1975) • B io a v a i l a b i l i t y  o f  p h e n y to in  from  v a r io u s  
p h a rm a c e u tic a l, p r e p a r a t io n s  in  c h i ld r e n .  Med. J .  A u s t . ,  2 : 590-592.
M a rs h a ll ,  K. (1979) • Modern P h a rm a c e u tic s . Ed. B an k e r, G. and R hodes, C. 
M arcel D ekker I n c . ,  N .Y . ,  U .S .A . pp. 359” 362.
M a r t in d a le ,  The E x tra  P harm acopoeia , (1 9 8 2 ). 28 th  E d i t io n ,  The 
P h a rm a c e u tic a l P r e s s ,  London, U.K.
McQueen, E .G . ( 1968 ) .  L e t t e r ,  N.Z. Med. J . ,  6 8 : 332.
M e lik ia n , A .P . ,  S tra u g h , A .B ., Slyw ka, G.W.A., W hyatt, P .L . and Meyer,
M.C. (1977) • B i o a v a i l a b i l i t y  o f  e le v e n  p h en y to in  p r o d u c ts .  J .  Pharm acokin . 
B io p h a rm ., 5: 133“ l 1+6.
The Merck In d ex  (198U) . 1 1 th  E d i t io n ,  Merck & Co. I n c . ,  N .Y ., U .S.A .
M erle , C ., G ayot, A .,  G uyot, J .C .  and T r a i s n e l ,  M. (1979) • A p p lic a t io n  
o f  perm eam etry to  th e  s tu d y  o f  th e  b eh a v io u r o f  m ix tu re s .  A c ta . Pharm. 
T e c h n ., 25: 193-201.
M ile s , B .E . ,  A ttw ood, E .C . and  Seddon, R.M. (1 9 7 6 ). Serum p h e p y to in . 
( l e t t e r ) .  L a n c e t, 1 : 255•
M i l l e r ,  T .A ., Y ork, P. and J o n e s ,  T.M. (1 9 8 2 ). M anufac tu re  and 
c h a r a c te r i s a t io n  o f  magnesium s te a r a te  and p a lm ita te  pow ders o f  h ig h  
p u r i t y .  J .  Pharm. P h a rm a c o l., 3^: 8P.
-  .223 -
M il l e r ,  T.A. and Y ork, P. (1 9 8 5 ). P h y s ic a l and ch em ica l c h a r a c t e r i s t i c s  
o f  some h ig h  p u r i t y  magnesium s t e a r a t e  and p a lm ita te  pow ders. I n t .  J .  
P h a rm ., 23: 55-67*
M u llin ,  J.W . (1 9 7 2 ). C r y s t a l l i s a t i o n .  2nd E d i t io n .  B u tte rw o r th s , 
London, U.K.
M urthy, R .S . and Samyn, J .C .  (1977)* E f f e c t  o f  s h e a r  m ix ing  on i n - v i t r o
d rug  r e l e a s e  o f  c a p su le  fo rm u la tio n s  c o n ta in in g  l u b r i c a n t s .  J .  Pharm.
S c i . ,  66: 1215-1219.
N e rn s t ,  W. and B ru n n e r ,E .Z . (190U ). P h y s ik . Chem., U7 : 56 .
N euvonen, P . J . ,  P e r t i k a in e n ,  P .J .  and E lfv in g , S.M. (1 9 7 7 ) . F a c to rs  
a f f e c t i n g  th e  b i o a v a i l a b i l i t y  o f  p h e n y to in . I n t .  J .  C l in .  P h a rm ac o l.,
15: 8U-89.
Newton, J.M . and Rowley, G. (1 9 7 0 ). On th e  r e le a s e  o f  d rug  from  h a rd  
g e l a t i n  c a p s u le s .  J .  Fharm. P h arm ac o l., 22: 163- I 68S.
Newton, J.M . and R azzo, F .N . (197*0. The in f lu e n c e  o f  a d d i t iv e s  on
th e  i n - v i t r o  r e le a s e  o f  drugs from  h a rd  g e l a t i n  c a p s u le s .  J .  Pharm.
F h arm ac ., 26 : S u p p l. 3O -36P.
Newton, J.M . and Razzo, F .N . (1 9 7 7 ). The in f lu e n c e  o f  a d d i t iv e s  on 
th e  p r e s e n ta t io n  o f  a  drug  in  h a rd  g e l a t in  c a p s u le s .  J .  Pharm. 
P h a rm a c o l., 29: 29**-297.
-  22h -
N ew ton, J.M . and B ad er, F . (1 9 8 0 ). The in f lu e n c e  o f  d rug  and  d i lu e n t  
p a r t i c l e  s i z e  on th e  i n - v i t r o  r e le a s e  o f  drug from  h a rd  g e l a t i n  c a p s u le s .
J .  Pharm . P h a rm ac o l., 32: 167 - 1 7 1 *
N its c h e ,  V ., M aschen, H. and  S ch u tz , A. ( 198^ ) .  C om parative b i o a v a i l a b i l i t y  
o f  s e v e r a l  p h en y to in  p r e p a r a t io n s  m arketed  in  A u s t r ia .  I n t .  J .  C lin . 
P h arm aco l. T her. T o x ic o l . ,  22 : lOU-107*
N oyes, A.A. and W hitney , W.R. (1897)* The r a t e  o f  s o lu t io n  o f  s o l i d  
s u b s ta n c e s  in  t h e i r  own s o lu t i o n s .  J .  Am. Chem. S o c . ,  19: 930-93^*
Nozawa, Y ., Mizumoto, T. and  H ig a sh id e , F . (1985 )- Im proving  d i s s o lu t io n  
r a t e s  o f  p r a c t i c a l l y  in s o lu b le  drug p h en y to in  by r o l l  m ix ing  w ith  
p o ly v in y lp y r ro l id o n e .  Pharm . A c ta . H e lv . ,  60: 175-177*
N ystrom , C. and W e s te rb e rg , M. (1 9 8 6 ). The use o f  o rd e re d  m ix tu re s
f o r  im p ro v in g  th e  d i s s o lu t i o n  r a t e  o f  low s o l u b i l i t y  compounds. J .  Pharm.
P h a rm a c o l., 38: 161- 1 6 5 .
O’B r ie n ,  L .S . ,  O rne, M .L.E. and B re c k e n rid g e , A.M. (1 9 7 8 ) . F a i lu r e  o f  
a n ta c id s  to  a l t e r  th e  p h a rm a c o k in e tic s  o f  p h e n y to in . B r. J .  C lin .
P h arm aco l. ,  6 : 176-177 *
O ppeinheim , R.C. and H e rse y , J .A . (1977)* P h y s ic a l and ch em ica l • 
changes in  powders in  s to r a g e .  J .  Powder and Bulk S o l id s  T e c h ., U: 3~9*
O rr , N. (1 9 7 9 ) . A ssessm ent o f  an o rd e re d  mix. Powder T e c h n o l.,
2^: 105-107 .
P a r f i t t ,  G.D. (1 9 8 1 ). D isp e rs io n  o f  powders in  l i q u id s  w ith  s p e c ia l  
r e f e r e n c e  t o  p ig m en ts . 3 rd  E d it io n .A p p lie d  S c ie n ce  P u b lis h e r s  L t d . ,  U.K.
P e n t ik a in e n ,  P . J . ,  Neuvonen, P . J .  and E l fv in g ,  S.M. (1 9 7 5 ). 
B i o a v a i l a b i l i t y  o f  fo u r  b ran d s  o f  P h en y to in . E u r. J .  C l in .  P h a rm ac o l.,
9 : 213 - 2 1 8 .
P e m c a ,  E . ,  M akki, K. and  R ic h en s , A. (1 9 7 8 ). I s  P h e n y to in  M etabolism  
Dose D ependent by  Enzyme S a tu r a t io n  o r  by  Feedback I n h i b i t i o n .  C lin . 
P h arm aco l. T h e r . ,  2k:  1+6-51.
P in ty e -H o d i ,  K ., T o th , I .  and  K a ta , M. (1 9 8 1 ). I n v e s t i g a t io n  o f  th e  
fo rm a tio n  o f  magnesium s t e a r a t e  f i lm  by  energy  d is p e n s iv e  a n a ly s i s .
Pharm . A c ta . H e lv . ,  5 6 : 320-323.
P o o le , K .R ., T a y lo r , R .F . and W all, G .P. ( 196U) . M ixing powders to  
f i n e - s c a l e  hom ogeneity . S tu d ie s  o f  b a tc h  m ix ing . T ra n s . I n s t r .  Chem. 
E n g rs . ,  1+2: T305-T315.
Rambeck, B . ,  B oenigk , H .E . and  S te n z e l ,  E . (1977)* B io a v a i l a b i l i t y  o f  
t h r e e  p h e n y to in  p r e p a ra t io n s  in  h e a l th y  s u b je c ts  and  e p i l e p t i c s .
E u r . J .  C lin .  P h a rm a c o l., 12 : 285-290.
R ees, J .E .  (1 9 7 7 ). I n - v i t r o  d is s o lu t io n  t e s t  f o r  s o l i d  o r a l  dosage 
fo rm s. E s t r a l t o  de B o l l e t t in o  Chimco. F arm aceu tics  , 116: 1+99-505.
-  226 -
R e e s , J .E .  and S t a n i f o r th ,  J .N . (1 9 7 8 ). S e g re g a tio n  o f  p e r f e c t  powder 
m ix es . J .  Pharm . P h a rm a c o l., 30: 2^P.
R e e s , J .E .  and S t a n i f o r t h ,  J .N . (1979)* C h a r a c te r i s a t io n  o f  o rd e re d  
m ixes u s in g  X -ray m ic ro a n a ly s is .  Powder T e c h n o l.,  23: 135~138.
R o b lo t-T re u p e l ,  L . and  P u is ie u x ,  F . (1 9 8 6 ). D is t r ib u t io n  o f  magnesium 
s t e a r a t e  on th e  s u r f a c e  o f  lu b r i c a te d  p a r t i c l e s .  I n t .  J .  P harm .,
31: 131-136 .
R osen , A. and  M acheras, P . ( 198U ). E f f e c t  o f  p r o te in  on th e  d i s s o lu t io n  
o f  p h e n y to in .  J .  Pharm . P h a rm a c o l., 3 6 : 723-727*
R osen , A. and M acheras, P . ( 1985 )* E f f e c t  o f  p r o te in  on th e  a b s o rp tio n  
o f  p h e n y to in  th ro u g h  e v e r te d  g u t p r e p a r a t io n s .  J .  Pharm . P h a rm ac o l.,
37: 15H-158.
Rowland, N. and T o ze r, T.N. (1 9 8 0 ). C l in ic a l  P h a rm a c o k in e tic s :
C oncepts and  A p p lic a t io n .  Lea and F e ib ig e r ,  P h i la d e lp h ia ,  U .S.A . pp . 2 0 -21 .
R ubino, J . T . ,  H a l t e r l e i n ,  L.M. and B la n c h a rd , J .  ( 1 9 8 5 ) .  The e f f e c t  o f  
ag e in g  on th e  d i s s o lu t io n  o f  p h en y to in  sodium  c a p su le  fo rm u la t io n s .
I n t .  J .  P h arm ., 26: l6 5 “ 17^*
S an g h av i, N.M. and Kamath, K. ( 198U ). E f f e c t  o f  v a r io u s  s u r fa c e  a c t iv e  
ag en ts  on d i s s o lu t io n  o f  drug  p h e n y to in . In d ia n  D rugs, 21 : 206-208.
- 227 -
S aw ayang i, Y .,  Nambu, N. and H agai, T. (1 9 83 ) .  D is s o lu t io n  p r o p e r t i e s  
an d  b i o a v a i l a b i l i t y  o f  p h en y to in  from  ground m ix tu re s  w ith  c h i t  in  and 
c h i to s a n .  Chem. Pharm. B u l l . ,  31: 206U-2068.
Saw chuck, R . J . ,  P e p in , S .M ., L epp ik , I .E .  and Gummit, R .J .  (1 9 8 2 ) .
R ap id  and slow  r e le a s e  p h en y to in  in  e p i l e p t i c  p a t i e n t s  a t  s te a d y  s t a t e  : 
C om parative p lasm a l e v e l s  and t o x i c i t y .  J .  Pharm acok. B io p h a rm .,
10: 365-382 .
S c h w a rtz , P .A .,  Rhodes» C .T ., C ooper, J.W . and C ooper, J r .  (1 977 )• 
S o l u b i l i t y  and io n i s a t i o n  c h a r a c t e r i s t i c s  o f  p h e n y to in . J .  Pharm . S c i . ,
66: 99U-997.
S c h u b e r t ,  H. (198U ). C a p i l la ry  fo rc e s  -  M odelling  and  a p p l i c a t io n  in  
p a r t i c u l a t e  te c h n o lo g y . Powder T e c h n o l.,  37: 105-116.
S c i e n t i f i c  T ab les  (1 9 7 0 ) . 7 th  E d i t io n ,  J .R . G eigy, S .A .,  B a s le ,  
S w itz e r la n d ,  pp . 6 U7 .
S c o t t ,  V.D. (1 9 8 3 ). In :  Q u a n ti ta t iv e  E le c tro n -P ro b e  M ic ro a n a ly s is ,
Eds. S c o t t ,  V.D. and Love, G. E l l i s  Horwood L td , C h ic h e s te r ,  U .K .,
pp . 36- 6 2 .
Sekikaw a, H .,  F u jiw a ra , J . ,  Naganuma, T . ,  Nakano, M. and T a k a ic h i ,  A.
(1 9 7 8 ) . D is s o lu t io n  b e h a v io u rs  and g a s t r o i n t e s t i n a l  a b s o rp t io n  o f  
p h e n y to in  in  p h e n y to in -p o ly v in y lp y rro lid o n e  c o - p r e c i p i t a t e .  Chem. Pharm. 
B u l l . ,  26: 3033-3039.
-  2 2 8  -
S hah , A .C . and M lodozen iec , A.R. (1977) • Mechanism o f  s u r fa c e  
l u b r i c a t i o n :  I n f lu e n c e  o f  d u ra t io n  o f  lu b r i c a n t  e x c ip ie n t  m ix ing  on
p r o c e s s in g  c h a r a c t e r i s t i c s  o f  pow ders and p r o p e r t i e s  o f  com pressed 
t a b l e t s .  J .  Pharm. S c i . ,  66: 1377”1382.
S hah , -V .P ., P ra sa d ,V .K ., A ls to n ,  T . ,  Cabana, B . ,  G u ra l, R .P . and  Meyer 
M.C. (1983a) . P h e n y to in . I  : In  v i t r o - i n  v ivo  c o r r e l a t i o n  f o r  lOOmg 
p h e n y to in  sodium  c a p s u le s .  J .  Pharm . S c i . ,  72: 306-308.
S hah , V .P . ,  P ra s a d , V.K. Freem an, C ., S k e l ly ,  J .P .  and  Cabana, B .E .
(1983b) . P h e n y to in . I I .  : I n  v i t r o - i n  v iv o  b io e q u iv a le n c e  s ta n d a rd  f o r  
lOOmg p h e n y to in  sodium  c a p s u le s .  J .  Pharm. S c i . ,  72: 309-310.
S h in o h a ra , K. (198U ). In :  Handbook o f  Powder S c ie n ce  and  Technology 
E d. F ayed , M.E. and O tte n , L. Van N ostran d  R ein h o ld  Co. I n c . ,  N .Y .,
U .S .A . pp . 1U7- 1U9 .
S m a ll, J .A . ,  Newbury, D .E . and  M yklebust, R .L . (1979)* In :  M icrobeam 
A n a ly s is .  Ed. Newbury, D .E ., San F ra n c isc o  P re s s ,  U .S .A . pp . 2 U3- 2 U8 .
S m a ll, J .A . ,  H e n ric h , K .F . J . ,  Newbury, D .E ., M yk lebust, R .L . and F i o r i ,  
C .E. (1 9 8 0 ) . In :  C h a r a c te r i s a t io n  o f  P a r t i c l e s .  Ed. H e in r ic h ,  K .F .J . ,  
N a t. B u r. S ta n d s . S pec. P u b l. 533s W ashington, U .S .A . p p . 29.
S m ith , T .C . and K in k e l , A. (1976) • A b so rp tio n  and m e tab o lism  o f  p h e n y to in  
from  t a b l e t s  and c a p s u le s .  C lin .  Pharm acol. T h e r . ,  20 : 738” 7^2.
-  229 "
S oebagyo , S .S . and S te w a r t ,  P . J .  ( 1985 )* The e f f e c t  o f  c o h es iv e  and 
n o n -c o h e s iv e  te r n a r y  com ponents on th e  hom ogeneity  and  s t a b i l i t y  o f  
a  p r e d n is o lo n e  i n t e r a c t i v e  m ix tu re . I n t .  J .  P harm ., 25: 225-236 .
S ta n g e , K. (195*0* D ie M isc h g u te e in e r  Z u fla llm isc h u n g  a l s  G rundlage 
z u r  B e u r te i lu n g  von M isch v ersu ch en . Chem. In g r .T e c h n . ,  6 : 331-337*
S ta n g e , K. (1963) * D ie M ischgute e in e r  Z ugallsm ischung  aus d r e i  und- 
mehr kom ponten. Chem. I n g r .T e c h . ,  35: 580-582.
S t a n i f o r t h ,  J .N . (1 9 8 0 ) . O rdered  m ixing  o f  drugs w ith  p a r t i c u l a t e  
e x c i p i e n t s .  Ph.D. T h e s is ,  U n iv e r s i ty  o f  A sto n , B irm ingham , U.K.
S t a n i f o r t h ,  J .N . (1 9 8 1 ) . R e la t io n s h ip  betw een e l e c t r o s t a t i c  charge  
and  pow der flo w . J .  Pharm . P h a rm ac o l., 33: 113P.
S t a n i f o r t h ,  J .N . and R ees , J .E .  ( 1981 ) .  Powder m ix ing  by  T r i b o e l e c t r i f i c a t i o n .  
Powder T e c h n o l.,  30: 255-256 .
S t a n i f o r t h ,  J .N . ,  R ees, J . E . ,  L a i ,  F .K . and H ersey , J .A . ( I 9 8 l ) .
D e te rm in a tio n  o f  i n t e r p a r t i c l e  fo rc e s  in  o rd e re d  powder m ix es . J .  Pharm. 
P h arm aco l. ,  33: U85-U9 0 .
S t a n i f o r t h ,  J .N . (1982a) . Review: Advances in  powder m ix ing  and
s e g re g a t io n  in  r e l a t i o n  t o  p h a rm a c e u tic a l p ro c e s s in g .  I n t .  J .  Pharm.
Tech. and P rod . M f r . , 3 ( S u p p l . ) :  1 -1 2 .
-  2 3 0  -
S t a n i f o r t h ,  J .N . ( 1982b). D e te rm in a tio n  and H and ling  o f  T o ta l  Mixes 
in  P h a rm a c e u tic a l S ystem s. Powder T e c h n o l.,  33: ll*7“ 159»
S t a n i f o r t h ,  J .N . (1 9 8 2 c ). I n v e s t ig a t io n  o f  methods f o r  id e n t i f y in g  
fo rm a tio n  o f  o rd e re d  pow der m ix es . Papers p re s e n te d  a t  F o u rth  
E uropean  C onference h e ld  a t  N o o rd w ijk e rh o n t, N e th e r la n d s , S ep t 15-17> 
pp . 181-193 .
S t a n i f o r t h ,  J .N . and R ees , J .E .  (1 9 8 2 ). E l e c t r o s t a t i c  ch arg e  i n t e r a c t io n s  
in  o rd e re d  powder m ix es . J .  Pharm. P h arm aco l., 3^: 69” 76.
S t a n i f o r t h ,  J .N . ,  R ees, J .E .  L a i ,  F .K . and H ersey , J .A .  (1 9 8 2 ).
I n t e r p a r t i c l e  fo rc e s  in  b in a ry  and  te r n a r y  o rd e re d  powder m ixes.
J .  Pharm . P h a rm ac o l., 3^: IU1 - 1U5 .
S t a n i f o r t h ,  J .N . (1 9 8 5 a ) . P h y s ic a l  s t a b i l i t y  o f  powder m ixes.
M anufac. Chem., 5 6 : 5 8 -6 1 .
S t a n i f o r t h ,  J .N . ( 1985b ) .  O rdered  m ixing o r  spon tan eo u s g r a n u la t io n .
Powder T e c h n o l.,  1*5: 73” 77-
S t a n i f o r t h ,  J .N . and Iv e s o n , S .R . (1986) . An in v e s t ig a t io n  o f  th e  use 
o f  UV f lu o re s c e n c e  m icroscopy  as  a method f o r  q u a n t i fy in g  th e  hom ogeneity  
o f  powder m ixes . I n t .  J .  P h arm ., 31: 11*5-150.
S tav a ch an sk y , S . and Gowan, W.G. (198U ). E v a lu a tio n  o f  b i o a v a i l a b i l i t y  
o f  a  s o l i d  d is p e r s io n  o f  p h en y to in  in  p o ly e th y le n e g ly c o l 6000  and  a 
com m ercial p h en y to in  sodium  c a p su le  in  th e  dog. J .  Pharm. S c i . ,  73: 733” 776.
-  231 ~
S t e l l a ,  V ., H ig u c h i, T . , H u ssa in , A. and T ru e lo v e , J .  (1975) • In :
P ro d ru g s as n o v e l d rug  d e l iv e r y  system . E d s. H ig u c h i, T. and S t e l l a ,  V. 
Am. Chem. Soc. W ashington , U .S .A ., pp . 15^-183.
S te p h e n so n , P .L . and T h ie l ,  W .J. ( 1980a) . The e f f e c t  o f  h u m id ity  on 
th e  p ro d u c tio n  o f  o rd e re d  m ix tu re s . Powder T e c h n o l. ,  25: 115” 11^.
S tep h e n so n , P .L . and T h ie l ,  W .J. (1 9 8 0 b ). The m ech an ica l s t a b i l i t y  o f  
o rd e re d  m ix tu re s  when f l u i d i s e d  and t h e i r  p h a rm a c e u tic a l a p p l i c a t io n .  
Powder T e c h n o l. ,  26: 225-227 .
S te w a r t ,  M .J . ,  B a l l in g e r ,  B .R .,  D e lv in , E . J . ,  M i l l e r ,  A .J .  and Ramsay,
A.C. (1977)* B i o a v a i l a b i l i t y  o f  p h en y to in : A com parison  o f  two 
p r e p a r a t io n s .  E urop . J .  C lin .  P h arm aco l., 15: 8U-89.
S tra th a m , P . J .  and Paw ley , J .B .  (1 9 7 8 ). In :  S cann ing  E le c tro n  M icroscopy , 
Ed. J o h a r i ,  0 . S canning  E le c tro n  M icroscopy I n c . ,  V o l. 1 ,  pp . U69.
Sved , S . ,  H o ss ie , R.D. M cG ilveray, J . ,  B eaudo in , N. and B r ie n ,  R.
(1 9 7 9 ) . B i o a v a i l a b i l i t y ,  a b s o rp tio n  and d i s s o lu t io n  k i n e t i c s  o f  
p h e n y to in  fo rm u la tio n . Can. J .  Pharm. S c i . ,  l b :  6 7“ 71.
T abo r, D. (1 9 8 2 ). I n :  A t t r a c t iv e  S u rface  F o rc e s .
Ed. Goodwin, J.W . R oyal S o c ie ty  o f  C hem istry , London, U.K., pp . 2 3 -^6 .
T a g a sk i, S . ,  T ak a h ash i, K .,  Aoyama, T. and H a rik o a , M. (1 9 7 9 ).
B lood l e v e l s  and p r o p e r t i e s  o f  p h e n y to in . R insko Y a k u r i . ,  10: 93~9^ 
p e r  CA 91 : 9^22a.
-  232 -
'Tam m isto, P . ,  Kauko, K. and V u ik a r i , M. (1976) • B i o a v a i l a b i l i t y  o f  
p h e n y to in  ( l e t t e r ) .  L a n c e t, 31: 25^-255*
T aw ash i, R. (1 9 6 3 a ) . Der E in f lu s s  von a e r o s i l  a u f  d ie  F le i s s e ig e n s c h a f te n  
von p u lv e rn . Pharm. I n d . ,  25: 6H-66.
T aw ash i, R. (1 9 6 3 b ). Der E in f lu s s  von a e r o s i l  a u f  d ie  P ack u n g se ig en - 
s c h a f le n  von p u lv e rn . Pharm. I n d . ,  25: 655- 6 5 8 .
T hanom kiat, P . ,  S te w a r t ,  P . J .  and G rover, P .S . (1979)* In f lu e n c e  o f  
c a r r i e r  p a r t i c l e  s i z e  on p re d n iso n e  d i r e c t  com pression  v e h ic le  o rd e re d  
m ixes. Powder T e c h n o l. ,  2k:  97” 98.
T h ie l ,  W .J. and S tep h e n so n , P .L . (1 9 8 2 ). A sse s s in g  th e  hom ogeneity  o f  
an o rd e re d  m ix tu re . Powder T e c h n o l., 31: U5- 5O.
T ra in ,  D. (1 9 7 0 ). M ixing o f  p h a rm a c e u tic a l s o l i d s ,  th e  g e n e ra l  ap p ro ac h .
J .  Am. Pharm. A ssoc. S c i .  E d . ,  U9: 265- 2 7 1 .
T ra v e rs ,  D.N. and W h ite , R.C. (1971)* The m ixing  o f  m ic ro n is e d  sodium  
b ic a rb o n a te  w ith  su c ro se  c r y s t a l s .  J .  Pharm. P h a rm a c o l., 23: 260S-261S.
T ra v e rs ,  D.N. (1975)* Some o b s e rv a tio n s  on th e  o rd e re d  m ix ing  o f  m ic ro n ise d  
sodium b ic a rb o n a te  w ith  su c ro se  c r y s t a l s .  Powder T e c h n o l.,  12: 189-190 .
T suruoka, M .,H ashim oto, T . ,  Seo , H ., Ich im asa , S . ,  Ueno, 0 . ,  F u jin a g a , T . ,  
O t i g i r i ,  M. and Uekama, K. (1 9 8 1 ). Enhanced d i s s o lu t io n  by B e ta - c y c lo d e x tr in  
co m p lex a tio n . Yakugaku Z a s s h i ,  101: 360- 367 .
-  233 -
T y r e r ,  J . H . ,  E a d ie , M .J . ,  S u th e r la n d , J.M . and H ooper, W.D. (1970) • 
O u tb reak  o f  a n t ic o n v u ls a n t  in to x ic a t io n  in  an A u s t r a l ia n  c i t y .
B r . Med. J . ,  k:  271-273 .
Uekama, K .,  O ta g i r i ,  M ., I r i e ,  T . ,  S eo , H. and T su ru o k a , M. ( 1985 ) .  
Im provem ent o f  d i s s o lu t i o n  and a b s o rp tio n  c h a r a c t e r i s t i c s  o f  p h en y to in  
by a  w a te r 's o lu b le  - c y c lo d e x tr in -e p ic h lo ro h y d r in  po lym er. I n t .  J .  
P h a rm ., 23: 35“ *+2.
U n ite d  S ta t e s  Pharm acopoeia  XX, U n ited  S ta te s  Form ulary  XV ( 1980 ) .
U n ite d  S ta te s  F h arm acopoeia l C onvention , R o c k v i l le ,  U .S.A .
U n ite d  S ta te s  P harm acopoeia  XXI, U n ite d  S ta te s  Form ulary  XVI ( 1 9 8 5 ) .  
U n ite d  S ta t e s  F h arm acopoeia l C onven tion , R o c k v i l le ,  U .S.A .
W eidenbaum, S .S . and  B o n i l la ,  C .F. (1 9 5 5 ) . A fun d am en ta l s tu d y  o f  
t h e  mixing" o f  p a r t i c u l a t e  s o l id s .  Chem. Eng. P r o g r . ,  51: 2 7 J -3 6 J .
W e s te rb e rg , M., J o n ss o n , B. and N ystrom , C. (1986) . P h y sico ch em ica l b a s i s  
o f  d rug  r e l e a s e .  IV . The e f f e c t  o f  c a r r i e r  p a r t i c l e  p r o p e r t i e s  on th e  
d i s s o lu t i o n  r a t e  from  o rd e re d  m ix tu re s .  I n t .  J .  P h arm ., 28: 2 3 -3 1 .
W illia m s , J .C .  (1 9 7 0 ) . The p r o p e r t i e s  o f  non-random  m ix tu re s  o f  s o l i d  
p a r t i c l e s .  Powder T e c h n o l.,  3: 189-19*+.
Y ahaba, Y ., O b a ta , N .,  H idano , F . ,  H o r i ,  H. and Unno, K. ( 19 8 1 ) .  
B io a v a i l a b i l i t y  o f  two com m ercial p h e n y to in  p r e p a r a t io n s . S e is h in  
S h in  k e ig a k u  Z a s s h i ,  8 3 : 582-596 p e r  CA 96  : 129682k.
-  23k -
Y akou, S . ,  Y ajim a, Y. and  S u g ih a ra , M. (1985) . E f f e c t  o f  p h a rm a c e u tic a l 
f a c t o r s  on .the d i s s o lu t io n  o f  p h e n y to in . Y akuzaigaku, U l: 267-275 p e r  
CA 96 : I 8 7 l8 lg .
Y akou, S . ,  Y ajim a, Y ., Sonobe, T . ,  S u g ih a ra , M. and  Fukuyama, Y. (1 9 8 2 ) . 
E f f e c t  o f  m a n u fa c tu rin g  c o n d it io n s  on d i s s o lu t io n  and human 
b i o a v a i l a b i l i t y  o f  d ip h e n y lh y d a n to in . Chem. Pharm. B u l l . ,  30: 319-325*
Y akou, S . ,  Umehara, K .,  Sonobe, T . ,  N agai, T . ,  S u g ih a ra , M. and 
Fukuyama, Y. (198U ). P a r t i c l e  s iz e  dependency o f  d i s s o lu t io n  r a t e  
and human b i o a v a i l a b i l i t y  o f  p h en y to in  in  powders and  p h e n y to in  in  
p o ly e th y le n e  g ly c o l  s o l i d  d i s p e r s io n s .  Chem. Pharm. B u l l . ,  32:
^1 3 0 -lH 3 6 .
Yakou, S . ,  Yamasaka, S . ,  Sonobe, T . ,  N ag a i, T. an d  S u g ih a ra , M. (1 9 8 6 ). 
D is s o lu t io n  and b i o a v a i l a b i l i t y  o f  p h en y to in  in  p h e n y to in -p o ly v in y l-  
p y r ro l id o n e  sodium  d e o x y ch o la te  c o p r e c ip i t a t e .  Chem. Pharm. B u l l . ,
3k: 3U08-3U1U.
Y alkow sky, S .H . and V a lv a n i , S .C . (1977)* P r e c ip i t a t i o n  o f  s o lu b i l i s e d  
d ru g s due t o  in f e c t io n  o r  d i l u t i o n .  Drug. I n t e l l .  C lin .  P harm ., 11: 
U17-U19.
Yamamoto, K . , Nakano, M ., A n ita ,  T . ,  Takayama, Y. and  N a k a i, Y. (1 9 7 8 ). 
D is s o lu t io n  b e h a v io u r  and b i o a v a i l a b i l i t y  o f  p h e n y to in  from  ground 
m ix tu re  w ith  m ic r o c r y s ta l l in e  c e l lu lo s e .  J .  Pharm. S c i . ,  6 5 : 1U8U-1U88.
-  235 -
Yamoaka, Y .,  R o b e r ts , R.D. and S t e l l a ,  V .J . (1 9 8 3 ). Low m e ltin g  p h en y to in  
p ro d ru g s  a s  a l t e r n a t e  o r a l  d e l iv e ry  modes f o r  p h e n y to in : A model f o r
o th e r  h ig h  m e ltin g  s p a r in g ly  w a te r  so lu b le  d ru g s . J .  Pharm. S c i . ,
72: U00-U0 5.
Yeung, C.C. and H ersey , J .A . (1 9 7 9 ). O rdered  powder m ix ing  o f  c o a rse  
and f i n e  p a r t i c u l a t e  sy s tem s . Powder T e c h n o l., 22: 127”131.
Y ip , C.W. and H ersey , J .A . (1 9 7 7 a ). S e g re g a tio n  in  o rd e re d  powder 
m ix tu re s .  Powder T e c h n o l.,  16 : 1^9-150.
Y ip , C.W. and  H ersey , J .A . (l9 7 7 b )«  P e r f e c t  powder m ix tu re s .  Powder 
T e c h n o l . ,  16: 189-192 .
